


BRITISH WELDING JO 


1959 AUGUST 


VOL. NO. 
6 8 


CONTENTS 


CTS Weldability Test 
for Low-Alloy Steels 


Reclamation of Stee! Casting 
By G. G. Musted 


Welded Connections between 
Beams and Stanchions 
By L. G. Johnson 


Strength of Components Repaired by Welding 
By S. Wise 


Institute of Welding Report of Council 
BWRA Annual Report 


© 





maintaining B.1.4. excellence 


COMBINED WELDING AND CUTTING BLOWPIPE 


for CUTTING 


for WELDING 


Designed to provide the operator with a 


strong well balanced unit combining 


maximum power with maximum safety. RARE, 
Based on many years’ practical experience, a 
design of B.1I.G. cutters incorporates the 
following unique features: 
Cupro nickel gas tubes 
Silver solder joints 
Nozzle mixing of gas which is best 
deterrent to flashback 
One-piece solid copper nozzle 
Special high pressure oxygen seats 


and built to B.1.@. standards 


British Industrial Gases Limited 


} 700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 





Sales and Technical Assistance available in most areas 





A heavy gauge 
aluminium assembly being 
Argon-arc welded. 


Enthusiasm for perfection 


Marston Excelsior have been fabricating components to the exact- 
ing standards of the United Kingdom Atomic Energy Authority 
for more than twelve years. In nuclear engineering and wherever 
the welding of non-ferrous metals is called for, Marstons turn out 


a first-class job. 


MARSTON EXCELSIOR LIMITED 


(A subsidiary of Imperial Chemical Industries Limited) 


Fordhouses, Wolverhampton. 
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New portable 
rectifier welding equipment 


This new addition to the 
“ENGLISH ELecTric’ range of weld- 
ing equipments takes a balanced 
load at 0-8 power factor from 
380/440 V, 3-phase, 50 cycle supply 
and gives infinitely variable cur- 
rent control between the limits of 
25 ani 350 amp. together with— 


@ High overall electrical 
efficiency. 


@ Low no-load losses. 
@ Greatly reduced maintenance. 
@ Silent operation. 


@ Ready paralleling for heavy 
current welding. 


Send for Publication WA 144 1 
The English Electric Co. Ltd.. 
Welding Equipment Division, 
East Lancashire Road, 


Liverpool 10 


Telephone No. Aintree 3641 


CLISH ELECTRIC 
a 
GLISH ? Ji \ 
welding equipment and electrodes 


THe ENGLISH ELECTRIC Company Limitep, Marcont House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD . PRESTON . RUGBY ° BRADFORD * LIVERPOO?! . ACCRINGTON 
WA.22 
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Photograph illustrating the FUSARC/CO, process by courtesy of Quasi- Arc Limited 


All enquiries for further information should be addressed to 


THE DISTILLERS COMPANY LIMITED 


Devonshire House, Piccadilly W.1 
Telephone : Mayfair 8867 


Depots and Branches throughout the U.K, 
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The use of low pressure CO) gas as an inert shield in 
the welding of steels is increasing. CO) is not only 
cheap —it enables high quality welds to be made in 
the shortest time. 


Where automatic welding machines have been specially 
modified to use this technique, the simplicity, ease of 
slag removal and high speed of welding have been 
found most impressive. On one differential housing, 
for example, welding time has been reduced from 105 
to 23 seconds. 


WELDING 


The Carbon Dioxide Department of the D.C.L., with 
30 years’ experience of supplying CO, to industry, 
installs and maintains all necessary storage and gas 
supply equipment for CO arc welding. 

Single 28 lb. cylinders are supplied for experimental 
purposes. For continuous operation multi-cylinder 
racks are available discharging into a manifold. A 
typical transportable rack gives a continuous supply 
of gas at each of 4 points with individually controlled 
flows up to 6 Ibs/hr. CO) is also available in solid 
form for use with ‘Cardice’ Converters. 

Bulk liquid can be pumped direct from the Company’s 
road tankers into customers’ static tanks (of capacity 
1} or 6 tons) without interrupting the flow of CO, 
to the operators. 
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Saturn-Hivolt Welding Machines 


are extensively used by 


ADMIRALTY 


AUSTRALIAN ATOMIC 
ENERGY AUTHORITY 


BRITISH RAILWAYS 

MINISTRY OF SUPPLY 

U.K. ATOMIC ENERGY AUTHORITY 
GRUNDY (TEDDINGTON) LTD. 


MULLINERS COACH 
BUILDERS LIMITED 


ROOTES GROUP 








Speed up your production with the Saturn-Hivolt Surge Injector Argon Arc Welding Units 
Mk. II. and III. Completely self contained they have a built-in transformer and forced 
draught ventilation. Capable of continuous welding from 30 to 600 amps with a stable arc 
and complete operator safety. 

Used for the welding of aluminium, its alloys and stainless steel. Saturn’s efficient main- 
tenance service from branches throughout the country inspires confidence. Many other 
leading industrialists are using Saturn-Hivolt machines with great success. Let us demon- 
strate to your production manager and welding experts what these machines can do to 
improve your production. 


SATURN INDUSTRIAL GASES LIMITED 


Gordon Road, Southall, Middlesex. Phone: Southall 5611 


Branches: GLASGOW, ALDRIDGE, BIRMINGHAM, MANCHESTER, SHEFFIELD, 
LYMINGTON, SUNDERLAND, THORNABY-ON-TEES. 
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SPECIAL FEATURES 


Self Propelled Carriages, no 

, manual adjustment. 

This new Heavy Duty Rotator incorporates 

Anti-Creep mechanism incor- 

porated to prevent any endwise 

Carriages propel themselves along the main movement of vessel during 
rotation. 


the exclusive feature whereby the Roll 


frame to accommodate different diameter 


Internal gear Drive, giving 
exceptional vessel projection 


into positive locations and the need for clearance. 


vessels. The carriages when positioned fall 


carriage fixing bolts is eliminated. Patented overload Shipping 
clutches fitted. 


Control from Portable Pedestal 
and operates pendant switch. 


PATENTED 


SELF PROPELLED heavy duty 
CARRIAGE rotators 


For further details write 


YATES PLANT LIMITED 4 member of Baker Perkins Group 
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for fine grain and better definition— 


Outstanding for its exceptionally fine grain, ILFORD CX is a high-contrast film 
of medium speed. It can be used with or without lead screens, for industrial 
radiography up to two million volts, and for gamma radiography. It is ideal for 
those applications where superior definition is preferred to speed, particularly for 
the examination of light metal and steel castings, and for the inspection of welds. 
Recommended developer is Phenisol— based on Phenidone, an Ilford discovery — 
which gives high effective film speed and promotes contrast, without accentuating grain. 
The name PHENIDONE is a registered trade mark 


i L F 0 R D < X industrial X-ray film 
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ILFORD 


ILFORD LIMITED 








Quasi-Arc’s million miles 


In recent years Quasi-Arc have made another million miles of 
manual electrodes—more than enough to stretch twice the 
distance to the moon and back. That’s a tremendous number of 
electrodes in standard lengths, and it is a measure of the 
tremendous experience Quasi-Arc have in making electrodes of 
every type, for every welding requirement. 


Quasi-Arc |! 








of electrodes 


MIRROSPEED is an outstandingly successful newcomer to the 
Quasi-Arc range of mild steel electrodes. Welders’ appreciation 
of its long run lengths, the ease with which it can be used, and 
above all of its exceptional slag detachability, is reflected in the 
couple of thousand miles it has quickly added to Quasi-Arc’s 
latest million. 


world leaders in arc welding Quasi-Arc Limited, Bilston, Staffordshire 











You’d be 
surprised what 
MAPEL can see! 


... especially if you're worried about the 
efficiency of your welding. 
MAPEL — acknowledged leaders in the field of 
Welding Inspection — have seen stub ends of electrodes, 
rusty pieces of bar, parts of rivets and evena 
full-sized chisel in faulty welds' Not that all welding 
faults are deliberate. Many are due to lack of 
knowledge and bad techniques. MAPEL have the complete 
answer — can supply skilled advice on the correct 
techniques, procedure and practice . .. can train your 
welders to high standards . . . can test welds 
speedily by visual, radiographic and the latest 
ultrasonic means. 





Call in MAPEL for Welding Inspection — for corrosion 
surveys and leak detection, too. 


Get the facts from 


METAL & PIPELINE ENDURANCE LTD., 
Artillery Mansions, Victoria Street, Loncon, $.W.1. 
Tel: ABBey 6056 "Grams: Metaldure, Sowest, London 


Divisional offices at Woolmer Green, Herts , also at Newcastle-on-Tyne and Glasgow. 


AGENTS THROUGHOUT THE WORLD 
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FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 








YOU CAN CUT 
ALUMINIUM 


at 200 inches 


=. : 
a minute! 
age 

The new Tungsten Arc Process, 
shielded by an inert gas mixed with hydrogen, 
makes possible cutting speeds of up to 
200 inches a minute! It deals speedily 
and accurately with aluminium 
and aluminium alloys to 1” thickness; 
gives cuts which are clean and need very little, 
if any, finishing. Use it for hand cutting 
in all positions: machine profiling; 
bevelling; stack cutting; and plate edge 
preparation. You'll find it a real investment 


in production efficiency. 


Write for fully ittustrated literature 


wt 





Spencer House, 27 st. James's Piace, London, S.W.1. 


(0) BRIS Ex ox YVYGoEN | British Oxygen Gases Ltd., industrial Division, 


— 
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SWEDISH 


ELECTRIC WELDING CO. LTD 








FIRST CLASS WELDING UNDER 
THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade 
welding repairs to boilers, castings, machine parts, 
etc., with expert technicians, for Fabrication work, 
Structural Steel work, Tank construction and 
Electric Stud Welding. 


ANGLO-SWEDISH eEvectric wetoine co. trp 


Head Office: WOOD WHARF - GREENWICH « LONDON SE10 
Telephone: GREenwich 2024-5 


Ph Call it NOW for immediat i COLOUR 
one, Call or write us orim tate service 
L oO N D Oo N 2 G LA SG OW . L E | T H BROCHURE THIS DESCRIPTIVE COLOUR 


BROCHURE SENT FREE ON 


NEWCASTLE - LIVERPOOL REQUEST 





MORRISON WELDING SETS 

Just as Morrison Generating Plants are to be found 
providing reliable power all over the World, 

so are Morrison Welding sets to be found everywhere. 

. . . . . . . . . . . . . . . . . . . . . 
Aiding in the construction of everything from a 

Dam to a Drain, this equipment has repeatedly justified 

the faith that is placed in it both at home and abroad. 


A. C. Morrison (Engineers) Ltd. 


TOWN QUAY, SOUTHAMPTON Telephone: Southampton 27362 


Generating Sets, Control Cubicles and Switchboards 
Power Rectifiers, Welding Equipment, et 


AN ASSOCIATED BRITISH ENGINEERING COMPANY 


c.C.l 
BRITISH WELDING JOURNAIL 








OUT 


high production 


AN Ce MA wie 


oxygen cutter 


The new Hancomatic is a particularly handsome dual carriage oxygen 
...and the NEW profiling machine. But handsome is as handsome cuts. With the new 


Electronic HANCOLINE Hancomatic, it’s top speed, precision performance—every time. As 





; , clean as nearly 40 years of specialist experience in cutting can ensure. 
traces from pencil drawing ywy P p g 


automatically * New sleek enclosed machine tool appearance, protecting moving 
parts from dirt and dust. 

%* Cut width compensation — on tracer New rigid box construction. 

head 

; New electrically operated cutting oxygen valve with instant shut-off. 

% No drawing allowances to calculate 


kN a *® New Tracer Head for operation from templates of steel, wood, 
a aluminium, or direct from a drawing. 


% Equipped with the Hancock patented 


; The new Hancomatic is a big step towards higher, 
roller driver—no physical contact 


more streamlined production—for any planning 
between tracer and drawing engineer with thoughts of expansion. 


* Supremely simple in operation Write for details to: 
SEND FOR DESCRIPTIVE LEAFLET HANCOCK & CO. (Engineers) LTD. 


PROGRESS WAY, CROYDON, SURREY 
Telephone : Croydon 1908 
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WHEN YOU ARE 


—THINK OF HARVEY 





Harveys have the ‘know-how’, the space, the 
equipment and the skilled men to produce large 
fabricated assemblies with efficiency. 

Assemblies up to 120 tons can be handled in one 
piece, and completed down to final machining. 
Full equipment is maintained for automatic 
welding, and stationary and portable X-ray units 
are supplemented by Radioisotopes for non- 
destructive testing. 

Harvey engineers are always available to discuss 
your fabrication problems, and to advise how we 
can best help you. 


Left: A mild steel jacketed Autoclave to Class 1 construction 
with electrically driven stirring gear. 

Below: This Ethylene Oxide Reactor weighs 135 tons, ts 
g ft. 6 ins. in diameter and contains over 15 miles of 1} in. 
dia. catalyst tube. 


HARVEY FACILITIES AND PRODUCTS 


CLASS I WELDED PRESSURE VESSELS TO 
LLOYD’S AND A.S.M.E. CODES * HEAT 
TREATMENT AND RADIOGRAPHY ° DIE- 
PRESSED AND ‘ROTARPREST’ HEADS UP TO 
15 FT. DIA. — Larger sizes to specification 
WELDED PRESSURE VESSELS AND FABRICA- 
TIONS IN ALL METALS - STEEL PLATE AND 
SHEET METALWORK - HEAVY MACHINING 
AND FITTING 


4 WELDED FABRICATIONS 


G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7. GREenwich 3232 (22 lines) 
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& SON LTD. 


PUT ACHRUUCUIIK Thos. Marshall 








Thos. Marshall construct—steel and copper 
fabrications of every kind, and every 
degree of complexity. 
High class workmanship under strict GALVANIZERS TO THE TRADE 
supervision and control give finished products Wellington Bridge, Leeds 12. 
of high quality. (Tel: 32186- 5 lines) 


Grams: Cisterns, Leeds 12. 








RESISTANCE WELDING MACHINES 


SERVING 


THE 
NUCLEAR POWER, AIRCRAFT AND ENGINEERING 
INDUSTRIES 


IF YOU REQUIRE RESISTANCE WELDING PLANT 


CONSULT 


MERITUS 
FIRST 
CONTRACT WELDING UNDERTAKEN 


Write for details: 


MERITUS (BARNET) LTD. 


BARNET, HERTS. 


TELEPHONE: BARNET 2291/2 


Meritus Pedestal Type Gold Medal and Bronze Medal. Brussels World Exhibition 1958. 
Spot Welding Machine The Engineering Centre Collective Exhibit. 
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WORLD’S MOST POWERFUL 
010) 59.0 Os Maree 
RADIOGRAPHIC UNIT 


NEWTON VICTOR COSALT 60 INDUSTRIAL EQUIPMENT 


being set up for radiographic inspection of 4 in. welded plates which will 
later be shipped to Latina, Italy, for the new reactor vessel under construction 
by Whessoe Limited, Darlington, England. 


This high intensity cobalt container for non-destructive testing is almost 


certainly the world’s most powerful industrial radiographic unit. It 
embodies the results of years of experience in related medical equipment of 
Newton Victor manufacture. 

Safe operation, ease of adjustment and robust construction are all provided 
by a unit which incorporates a source of 2,000 curies for the radiographic 
examination of welded seams in steel plate up to 6 in thick. Needing only 
small electric currents for control, and independent of water supplies it is 


suitable for work on open constructional sites in remote areas. 


SEND THIS COUPON for further details 


7 Newton 
Vickers Electrical Company 
London, W.C.2, England. 


Victor Ltd., x-ray department of Metropolitan- 


Limited, 132, Long Acre, 


NAME 


ADDRESS 


EE BREE SS OIG i eI 


for non-destructive testing of 
steel plate 3 in. to 6 in. thick 


Check these important points: 
POWERFUL The unit provides the equivalent of 


3 million volt x-ray testing for 3 in to 6 in steel, with 
comparable sensitivity and economical 
umes. 


SAFE Fully loaded provides ample 
0.3 milli-roentgens per hour at 1 metre. Source 
housed in lead and tungsten alloy protective con- 
tainer is easily and safely moved from ‘ protected ’ 
to exposure position by use of the compact control 
unit. 

ACCURATE Beam of radiation 6 in or 12 in wide by 
5 ft long (15 or 30 cm by 150 cm) at a distance of 
12 ft (360 cm) from source. Special light projector 
guide beam accurately ‘ pinpoints’ centre of radio- 
active beam on specimen. 


EASILY ADJUSTED 
rotation through 
vertical axes. 


exposure 


protection — 


Angulating mechanism permits 
350° about both horizontal and 


RELIABLE Stout construction and dust-tight, moisture- 
proof enclosure of container gives reliable operation 
under adverse conditions and extremes of climate. 


. 





NEWTON VICTOR LIMITED 


132, 


LONG ACRE, LONDON, W.C.2, ENGLAND 


X-Ray Department of 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 


An A.E.1. Company 
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THE WELDER’S NOTEBOOK—NO. 


Aluminium bronze alloys are being used increasingly in chemical and marine 
engineering, because of their strength and corrosion resistance. Fortunately, 
advances in welding techniques have eased the problems previously met in 
joining these useful metals. With the development of improved electrodes, 
the metal-arc process has been successfully practised for many years. The 
introduction of shielded-arc techniques has since eliminated problems of 
oxide and slag removal. To avoid stoppages due to arc burn-back, filler wires 
must be absolutely free from surface oxide films and grease. All aluminium 
bronze fillers made by I.C.I. Metals Division are specially treated to provide 
a chemically clean surface. 


Pj 
Reminder As the Commonwealth's largest producer of wrought non-ferrous 
y me 


tals, 1.C.I. Metals Division has built up exceptional knowledge 
of welding techniques. We specialise in wrought metals and alloys particularly 
suitable for welding and brazing—and in materials for carrying out the various 
welding techniques. We are always glad to help clients in selecting the most appropriate 
materials and processes. 
Please send now for our special booklet ‘I.C.1. Welding Rods and Brazing Materials’. 


i.C.1. Aluminium Bronze Welding Rods 


° ° 
Quick delivery ociees 
lo Size range Process melting point 
We make a very large Cc.) 
iv to uw 
range of welding and 93/7 diameter in 
aluminiun straight lengths Argon arc and 
brazing rods and orders for bronze Also on spools LG.S.M.A 1045-1050 
for L.G.S.M.A 
many standard lines can ; welding 
‘ & in. and 4 in 
be filled from stoc k. Your Aluminium diameter in Argon arc and 
bronze Straight lengths LG.S.M.A 1060-1080 


are ° 7 1 Alloy D Also on spools for 
nearest LL.CI. SALES LGS.M.A. welding 
OFFICE will ensure that of 
Aluminium On spools for yn 1038-1085 


, ” bronze LG.S.M.A 
oa ] > ) 
vou get prompt delivery of alloy E weldine 


any materials ordered. 


1 in 3 ft. lengths 
1 cartons of distinctive design 


WaeeM tele Me-laces ml 


bronze welding rod is packed in 7 lb 
: me 


ed metal-arc welding in 
METALS 93/7 aluminium bronze Whit 
DIVISION Aluminium bronze Alloy D W/ 


Aluminium bronze Alloy f 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.] 


™ 24 
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What is your need? 
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id al-me > 44-Jal-ih4- Be lal - meds 


METROVICK 


welding equipment 
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Behind the range of METROVICK electric 
welding equipment is the research and experience 
of a vast engineering organisation making extensive 
use of this equipment in its own factories. 
You have the benefit of all this when you buy welding 
equipment from A.E.I. 


Submerged Arc 


Associated Electrical industries Limited 


TRANSFORMER DIVISION — HEATING &4 WELDING DEPARTMENT 
Tratiord Park - - - Manchester 17 
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INTERNATIONAL INSTITUTE OF WELDING 


Strength of Components 
Repaired by Welding 


By S. Wise, A.M.1.MECH.E., A.1.M. 


The paper considers the effect of different types of weld on the fatigue 
resistance of engineering components made of mild steel or of high- 
tensile steel. It describes how fatigue failure may occur owing to the 
incorrect application of welding during repair work, because of the 


lower fatigue strength of welds, 


or because of changes in the stress 


distribution in the structure caused by welding. Examples are given of 
fatigue failures that have occurred in engineering structures because 
of welding, and the significance of internal defects in welds is also 


discussed. 


LTHOUGH engineering maintenance work has 
been made considerably easier by the advent 
over the past thirty years or so of reliable welding 

processes, the very ease with which worn parts can be 
built up, and cracks welded or patched, has often 
tended to conceal the fact that the repaired article will 


inevitably have a shorter life, due to the application of 


welding, than its original life in the unrepaired state. 

It is the purpose of this paper to draw attention to 
some of the effects of welding on the subsequent life 
of engineering components, but, since the subject as a 
whole is vast, attention will be concentrated on dynam- 
ically loaded components which may be, at ambient or 
near ambient temperature, subjected to fatigue failure, 
and in general to parts made of steel. 

The examples quoted are generally taken from 
railway experience. A modern organization such as 
British Railways uses welding extensively in the con- 
struction and maintenance of locomotives, rolling 
stock, bridges, structures, and permanent way, and 
since good records are generally kept, and the same 
components return to the same workshops over and 
over again, an excellent opportunity is given for study- 
ing over a long period of time the efficiency of various 
welding techniques. This is particularly so with British 
Railways, in whose workshops the use of welding as 


a maintenance tool expanded enormously in the 
period 1930-40 and who own large numbers of 
identical steam locomotives, carriages, and wagons. 


Butt Welds in Mild Steel 


Well-made butt welds in mild steel are generally 
regarded by engineers as having a static strength 
equivalent to that of the unwelded plate and a fatigue 
strength about 80° of the unwelded plate, when the 
weld is ground flush. This means, however, that the use 
of butt welding as a method of repairing lengthy 
cracks in steel structures is not wholly satisfactory, as 
can be seen more clearly in the following example. 


Repairs to locomotive frames 

In Great Britain steam locomotives have always 
been constructed with plate frames, usually of mild 
steel 1-1} in. thick. Some classes of engine have, over 
a period of years, developed fatigue failures at the , 
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1—Typical locomotive plate frame at axlebox guides, showing 
(1) cracks previously repaired by welding; (2) position of butt 
weld when cracked plate is replaced with a new section 
( present-day practice) 








radius at the top of the driving horn space, the cracks 
following approximately the path shown in Fig. 1. 
Cracks also develop between the rivet holes that 
secure the axlebox guides to the frame. The practice 
of repairing the cracks by welding developed in the 
mid 1930's, but it was very soon noticed that whereas 
it had originally required perhaps seven years from the 
time the engine was built for the cracks to develop, 
once welding repairs had been made the same loco- 
motive was found to be cracked in approximately the 
same position every time it came in for a heavy repair 
(14-2 years). This led to the opinion that poor quality 
welding was responsible for these early failures, and 
indeed macroscopic examination of some _ welds 


showed them to be very bad; this was due principally 


to the method of preparation then in vogue, i.e., chain- 
drilling along the crack followed by chipping which 
did not completely remove the profiles of the drilled 
holes. 

The quality of the preparation and therefore of the 
weld were then considerably improved, but little 
change in the general situation could be observed; this 
was followed by the introduction in some works of 
radiographic examination of butt welds in main 
frames. The use of X-rays immediately showed a 
number of defects in the welds which had not previ- 
ously been suspected, among them being the common- 
ly occurring ‘tramlines’ or parallel lines of slag inclu- 
sions, and as a result a great deal of attention was then 
paid to welding techniques. Techniques for upward 
vertical welding and horizontal welding in the vertical 
plane were developed, and operators were trained in 
these techniques. 

Vertical butt welds made by the two-operator 
technique and of high radiographic quality were thus 
produced, but failure of the repaired frames continued 
at an apparently undiminished rate. 

Horizontal-vertical welds were found to be extremely 
difficult to execute and so they were avoided as far as 
possible. 

Examination of some of the failures showed that 


frequently the new cracks did not follow the centre of 


the weld, but more usually lay in the base metal to one 
side of the weld, often in the heat-affected zone, and 
sometimes following the path of undercut at the edge 
of the final runs. Often serious defects (by radio- 
graphic standards) in welds played no part in a subse- 
quent fatigue failure. 


This situation led to the realization that the frame 
plate in the area in which cracks occurred very defi- 
nitely had a finite fatigue life, and that, as the stress 
gradient in the area was very gradual, a relatively 
large volume of metal existed all of which had more or 
less exhausted its fatigue life. Repair by welding 
merely had the effect of temporarily closing the existing 
cracks, with the probability that new cracks formed 
almost as soon as the locomotive resumed working, 
and slowly spread through the plate. Once this was 
appreciated it was obvious that the correct though 
more expensive repair was to remove the whole 
fatigue-damaged material and to replace it with a new 
section arranged so that the butt welds were in areas 
where the stress was relatively low. This repair could 
be reasonably expected to have a fatigue life at least 
equal to that of the frame as originally built. (Fig. 2). 

As set down in this manner the conclusion seems 
extremely obvious, but it should be remembered that 


Repair of cracked steam locomotive frame: (a) the part con- 
taining the crack has been cut out and a new piece of frame 
plate is fitted in readiness for welding; (b) the finished repair 
showing the new piece welded in. The most common failure 
takes the form of diagonal cracking from the corners of the 
axlebox horn gap 
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much of this work was done 15-20 years ago, when 
knowledge of the effects of fatigue was less widespread 
than it is today. Moreover, in the particular circum- 
stances it was difficult to believe at the time that the 
defects revealed in welds by radiography were not the 
prime cause of the subsequent poor service per- 
formance. 

However, the principal object of describing at 
length the history of frame failures is to show that 
repair by welding of fatigue cracks in a structure can 
be only a very short-term solution to the problem, and 
that the proper solution is [firstly to remove fatigue- 
damaged material, and secondly to place the welds in 
areas of low dynamic stress. Once again this may seem 
obvious, but even today appreciation of the signifi- 
cance of fatigue is not as general among engineers as it 
should be, whilst in many industries it frequently 
happens that the engineer responsible for maintenance 
work at one period is no longer in that position when 
machines are returned to the workshops on the next 
occasion, so that continuity of experience is lost. 

Even when butt welds are placed in areas in which 
the dynamic stresses are relatively low, fatigue failure 
may still be initiated by certain classes of weld defect. 
In another example of butt welding in locomotive 

nain frame plates a fatigue failure was eventually 
traced to small hot cracks in the top run of a butt weld. 
The weld at the top was relatively wide and the last run 
deposited was very shallow, having been weaved from 
one side to the other so as to fill up undercut on each 
edge. In addition, the whole length of the weld had 
a U configuration so that the residual welding stresses 
were high across certain sections of the joint. At these 
points small hot cracks had formed in the thin top run. 
The welds had subsequently been ground flush, but in 
such a manner that the grinding marks ran parallel to 
the cracks and obscured them. Although the dynamic 
stresses were relatively low they were sufficient to 
propagate the cracks as fatigue flaws (see Fig. 3). The 
work of Frost shows that the fatigue limit of cracked 
mild steel is of the order of +34 tons/sq.in. so that a 
relatively normal level of working stress will suffice to 
propagate a fatigue failure if cracks are present in a 
weld. There is therefore a very good case for magnetic 
or dye penetrant testing of all welding repairs on com- 





Position of hot cracks 




















3 —Fatigue fracture in locomotive frame having welded axlebox 
guides. Fracture commenced at hot cracks in final run of 
welding 
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ponents which are subsequently to carry dynamic 
stress, particularly if the parts have been subjected to 
much restraint during welding. 


Influence of other welding defects 

Probably most maintenance welding is done by the 
manual metal-are process, and when multi-run butt 
welds are made by this method it is difficult to produce 
welds of high radiographic quality without very great 
attention to details of technique, choice of electrodes, 
procedure and so on. The two most common faults are 
porosity and slag inclusions, and if the finished welds 
are subject to radiographic inspection it has to be con- 
sidered what action is needed if defects of this type are 
present. This is, in effect, questioning “Are these 
defects dangerous if the component is dynamically 
loaded?” (It should be recognized that, in the ordinary 
steels at least, the defects described have almost no 
measurable effect on the static tensile properties of the 
joint when present in the amounts likely to be found in 
reasonably competent welding). 

In metals subjected to fatigue loading the surface is 
by far the most vulnerable part. Defects such as slag 
inclusions and porosity do not usually occur at or near 
the surface. It is therefore considered that porosity or 
slag, either as small isolated inclusions or as thin 
elongated ‘tramlines’ are much less serious than has 
been presumed in the past. 

There is unfortunately very little conclusive evidence 
on the effect of slag inclusions and porosity on fatigue 
strength, principally owing to the difficulty of measur- 
ing the severity of defects in a weld, and also to the 
large number of fatigue tests required to reach valid 
conclusions. Fatigue tests made on welds containing 
slaginclusions in various degrees have been reported by 
Warren® among others, but it is worth noting that 
statistical analysis of Warren’s figures indicates that 
there is no significant difference in the test results 
between “‘sound welds” and those having “heavy slag 
at the root”. This does not necessarily mean that there 
is no real difference in the fatigue strengths of such 
welds, but that the difference is probably relatively 
small, and that a very large number of tests would be 
required to demonstrate the difference convincingly. 
The much more important defects are cracks and those 
having a crack-like form, such as lack of fusion or of 
penetration. During a long series of fatigue tests on 
rails butt welded by a manual arc process and sub- 
jected in service to fluctuating vertical bending it has 
been observed that small areas of non-fusion of | mm 
radius at the base of the weld are more deleterious to 
the fatigue strength of the welded rail than are quite 
large slag inclusions occurring at 6-7 mm above the 
base of the weld. As a result, a special ultrasonic 
technique using surface wave probes has been develop- 
ed to detect lack of fusion in welds made in the track. 

It is also probable that the effect of residual stresses 
on the fatigue limit, as demonstrated by the Russian 
work described by Trufyakov,* is far more important 
in reducing fatigue strength than are the commonly 
occurring defects of porosity and slag inclusions. This 
is particularly true of welding maintenance work, 
where it may be necessary to add new pieces to an 
otherwise complete structure, where the opportunities 
of developing a suitable welding sequence are neces- 
sarily reduced, and where stress relieving may be im- 
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possible because of the need to preserve machined 
surfaces. Similar arguments apply where extensive 
building-up or reinforcement has been done to part of 
a more or less complex integral structure. 


Higher tensile steels 

The foregoing relates specifically to mild steel. The 
welding of higher tensile steel is a completely different 
problem and it must be emphasized that generally the 
fatigue strength of high-tensile steel is reduced to the 
level of that of mild steel by almost any weld, and this 
fact must always be borne in mind when considering 
a welding repair on a high-tensile component. 

Originally, a very large number of failures were 
caused by the indiscriminate welding of high-tensile 
steels, but the dangers of hardening in the heat- 
affected zone are now generally recognized and the 
need for preheating or the use of basic or low-hydro- 
gen coated electrodes is well appreciated. The present 
problem, now hard-zone cracking can be relatively 
easily overcome, is that the dangers of the inherently 
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that of the unwelded steel, the fillet weld by its nature 
introduces a geometrical stress concentration of some 
magnitude. This means that dynamic stress ranges 
greater than 6 tons/sq.in. cannot be permitted in com- 
ponents carrying fillet welds, or to which, in the course 
of maintenance, pieces of steel have been attached by 
fillet welding. 

Fatigue failure in fillet welds may commence either 
at the toes of the fillet, or at the root; if dynamic loads 
are to be withstood it is important that the welds 
should have a good smooth contour, concavity of the 
weld being preferable to convexity, coupled with good 
root penetration and freedom from slag entrapment 
beneath the weld. Generally, magnetic crack testing is 
advisable, since crater cracks or contraction cracks in 
the main body of the weld will lower the fatigue 
strength even more. Intermittent fillet welds are par- 
ticularly dangerous since the stress concentrations are 
increased at the ends of the welds. Continuous fillets 
should therefore always be provided in structures 
subject to repeated loading. 





T rT re oe ee 


1S} 


So 





tons/sq.in 


> MS. Electrodes (low hydrogen) 
4 H.T. Steel electrodes (low hydrogen) 


——y— 


aa rt i 4 


awew wl 


rrr T T eas 





4—Pulsating-bending 
fatigue tests on flat- 
bottom rail welded 
with different 
electrodes 


- 





rt a ae eee 





= 
<a 
e 
= 
W) 
VY) 
u 
ao 
- 
Vv? 
w 
= 
Vv) 
z 
vv) 
am 
LY 
= 
<a 
z 
> 
So 
—— 
Cc 
w 
O 
=z 
a 
ce 


10° 


10° 10” 


NUMBER OF CYCLES TO FRACTURE 


low fatigue strength of welds in high-tensile steel may 
be overlooked. When made with ordinary low-hydro- 
gen electrodes even the highest quality welds will still 
have only the fatigue strength appropriate to the mild 
steel electrode: if higher tensile electrodes are used the 
sensitivity of the weld metal to internal notches, such 
as small slag inclusions, increases sharply, and most 
erratic values of fatigue strength are obtained. This is 
clearly shown in Fig. 4, which shows the results of 
fatigue tests made on two batches of welded rails. The 
first represents the results obtained using a low- 
hydrogen electrode having a tensile strength only 
slightly above the normal, i.e., about 40 tons/sq.in., 
whilst the second shows the results of tests using a 
much more highly alloyed electrode material giving a 
deposit of tensile strength of about 54 tons/sq.in. The 
erratic results obtained in the second example should 
be noted. 


Fillet Welds 


Uniike the butt weld, which when well made and 
ground flush can have a fatigue strength very close to 


Even lower values of safe dynamic stress may be 
associated with fillet welds which transmit consider- 
able loads. In fatigue tests on a welded structure, in 
which the main tensile load was transmitted by fillet 
welds, failure occurred in the fillet weld after 10° cycles 
at a stress range little more than 3-8 tons/sq.in. 
Whilst this may be an extreme case, it has to be re- 
membered that fillet welds may be called upon to 
transmit quite large loads when they are used to attach 
apparently unloaded parts, such as pads, to the surface 
of a plate or rolled section member carrying dynamic 
loads. If the pad is welded at both ends it will of 
necessity experience the same strain as the member to 
which it is welded, whilst if it has considerable thick- 
ness the load required to extend it during each cycle, 
which can only be transmitted by the fillet welds, may 
be high, although the pad itself may make little 
contribution to the overall stiffness of the member to 
which it is welded. 

The attachment of pads to dynamically loaded 
members is fraught with danger, even though the pad 
may be intended as a reinforcement. If the main 
member is subjected to bending the pad must either 
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be sufficiently long to increase the stiffness of the main 
member, or it must be carefully tapered so as to pro- 
duce a gradual change in stiffness over the affected 
area. The structure should be considered carefully to 
decide whether the deflections imposed are such that 
they can only be reduced by unnecessarily great 
increases in the structure weight. In that case local 
reinforcement of a flexible structure becomes extremely 
difficult. For example, one class of passenger vehicles 
working on a short route having very sharp curves had 
a history of failures in the framework of the bogie. A 
programme of repair and modification by stiffening up 
the frame (particularly at right-angled connections) 
was then put in hand. This resulted in even more rapid 
failure than before, because fracture then occurred at 
the junctions of the stiffeners. 

In general, it has to be appreciated that the stiffness 
of a tee joint fillet-welded on both sides is very con- 
siderably greater than the older form of riveted tee 
joint. If the loading system is such as to apply high 
deflections to one or other plate there will be high 
stresses at the toes of the fillet welds, which may lead 
to early failure. In the late 1930's several locomotive 
tenders were constructed wholly by welding (Fig. 5). 
Stiffener members welded to the sides were often sub- 
ject to considerable surge forces when the tank was 
partly full of water. These surge forces were trans- 
mitted through the fillet welded joint so as to cause 
fatigue failure in the tank side plates. Repeated welding 
of these cracks proved to be no solution (as with the 
frame failures) and eventually it was decided to change 
the design to one using flanged stiffeners riveted to the 
side plates. With this design fatigue failure was avoided 
although leakage through loosened rivets still occurs. 


Welding Repairs on Bridges 


Many metal railway bridges are now very old, and 
their maintenance is a serious problem particularly 
where they are exposed to considerable corrosion. In 
addition, they may have to be strengthened to carry 
heavier traffic than that for which they were originally 
designed: in both instances welding is commonly 
employed. 


Locomotive tender in course of construction. The interior 
gusset plates, which are subject to surge forces from the water, 
are shown directly connected to the tank side with inter- 
mittent fillet welds 
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Plate girder bridges, in which the web is joined to 
the flanges by riveted angles, often suffer badly from 
corrosion of the web plate immediately above the 
angles, and if unchecked this may lead to complete 
separation of the web from the flanges. The repair of 
this type of damage is difficult, especially when the 
bridge must be kept open to traffic. One method is to 
fit a patch plate over the corroded web plate on both 
sides, extending the patch if possible so as to ensure 
that sound metal is available in the web plate at the 
welds. The patch plates are then welded with vertical 
fillets to the web, and with horizontal fillets to the top 
and bottom angles. 

This type of patch does not suffer from the dis- 
advantages of patches on plates transmitting tensile 
forces, as previously described. The main load on the 
web is shear, and this is transmitted into the patch by 
compression through the welds. The only other diffi- 
culty that may arise is that due to the fillet welds in the 
web plate. If these are discontinuous (bad practice 
from the corrosion viewpoint) or if defective welds 
occur there is the possibility that fatigue failures may 
occur in the web because of shear stresses, since the 
stress concentration effect of a given notch or dis- 
continuity is greater in a shear field than in a tensile 
compressive field. However, in railway bridge main 
girders there is a mitigating effect in the relatively low 
rate of accumulation of cycles of stress. A normal plate 
girder bridge will experience only one cycle of stress 
per train, and even at as many as 100 trains a day, 
thirty years must pass before the main girders have 
experienced 1,000,000 cycles of stress. 

Cross girders and rail bearers in the older bridges 
are a different matter, since these may experience a 
cycle of stress for each axle passing over the bridge, 
which may mean a rate of accumulation of stress 
cycles fifty times greater than that of the main girders. 
For this reason welding repairs likely to cause severe 
stress concentrations in these members must be 
considered very carefully. 


Reinforcement 


Reinforcement or building-up of worn parts has 
been practised for so many years now that it is perhaps 
one of the best known of welding maintenance opera- 
tions. However, one or two comments are given, 
based on experience in maintaining a number of old 
locomotives at a time when spare parts were extremely 
difficult to obtain. This situation inevitably leads to 
requests for the building-up of worn parts of running 
gear, such as coupling rod joint-pin holes, spring links, 
and miscellaneous items of valve gear, many of the 
latter being case hardened. 

After a time it was found possible to standardize 
many of these repairs, which occurred with reasonable 
frequency and where, if the standard instructions were 
adhered to carefully, little trouble was to be antici- 
pated. As a general rule, however, most dynamically 
loaded components were stress relieved after welding, 
and were carefully inspected for cracks after machin- 
ing. 

The more difficult examples, including valve gear 
parts with case-hardened surfaces, were given special 
attention. So far as possible, the welding of case- 
hardened surfaces was avoided, but in one or two 
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Emergency welding repairs to case-hardened fork-ended valve 
gear component: (a) Initial condition; (b) fork end softened 
and case-hardened surface machined off before welding; 
(c) after preheating and building-up by arc-welding; (d) weld 
deposit machined to size and crack tested. (Note: The fatigue 
crack is not welded.) 


exceptional instances worn areas in these components 
were successfully reinforced. The method adopted was 
firstly to soften the hardened component, then to 
machine off the carburized layer from the surface to 
be reinforced. Welding was done after careful pre- 
heating to avoid cracking in those carburized edges 
which were of necessity left adjacent to the area to be 
welded. After welding, the component cooled slowly 
and when machined it was very carefully examined 
with a magnetic flaw detector. Subsequent re-carburiz- 
ing was rarely done, as the whole purpose of a repair 
of this nature was to prolong the life of an old engine 
by another year or sO; wear was not an important 
factor. Despite the obvious risks, no subsequent 
failures occurred, probably because of the low level of 
dynamic design stress in these components. Evidence 
of this was given by several valve gear links which were 


found on initial inspection to have fine cracks on the 
case-hardened surface owing to cold ‘setting’ of the 
fork ends at a previous repair, without there being any 
indication that these cracks had subsequently spread 
under fatigue loading. 

Where fatigue cracks were encountered it was 
customary to avoid welding, and the general practice 
with cracks up to about } in. deep was to file them out, 
ensuring their complete removal by magnetic crack 
testing, and then to round off and polish the edges of 
the groove, so as to replace a crack by a smoothly 
contoured highly-polished groove, having a much 
smaller stress concentration factor (Fig. 6). Within 
the limited life demanded for these repairs, this prac- 
tice also was quite successful, and it is often to be pre- 
ferred when the temporary repair of parts containing 
shallow fatigue cracks is imperative. 

On the whole it seems that the reinforcement by 
welding of worn machine parts presents little danger, 
even when the components convey relatively high 
dynamic stresses, provided that the following princi- 
ples are adhered to: 


(i) Welding should be of good quality. Areas of non-fusion 
or slag inclusions exposed by subsequent machining may 
reduce the strength by 50°, 

(ii) Unless it is known that dynamic stresses are low in the 
part concerned, welding of the higher tensile steels should 
in general be avoided, since the reinforced area is unlikely 
to have a fatigue strength much greater than that of mild 
steel weld metal, whatever electrode is used. 


Conclusion 


This paper has described briefly some of the diffi- 
culties and dangers likely to be encountered in the 
repair by welding of steel components subjected to 
alternating or fluctuating stresses in service. Despite 
the emphasis on the dangers involved in this practice 
it is not intended to be a general condemnation of the 
use of welding in these circumstances but rather a plea 
for careful consideration, before the work commences, 
of the value and direction of the dynamic stresses 
involved, of the residual stress system introduced by 
welding, and of the effects of the added material (if 
any) on the stiffness and deflection characteristics of 
the component. 

A few examples of failures as a result of welding 
have been quoted, but it must also be remembered 
that welding is still an important, widely used, and 
successful method of repairing many thousands of 
components for British Railways. 
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Reclamation of a 30-ton Steel Casting 


This paper presents a typical example of the problems encountered in 
the field of reclamation and repair work. Details are given of the 
method employed to salvage a 30-ton cast steel drop hammer frame, 
which was considered to be beyond reclamation. It shows how the 


By G. Gordon Musted 


casting was made fit for further service by the combined use of oxy- 


acetylene cutting and heating, metal-arc and submerged-arc welding, 
thus preventing a serious interruption in production. 


attributable to inadequate maintenance. Thus 

cracked foundations or loose fixing bolts are 
a common cause, and these defects need to be rectified 
before any question of repair can be considered. 

In planning the repair itself, it is important to 
ascertain the type of material involved, because this 
will indicate whether or not the repair can be carried 
out successfully by welding. A knowledge of the 
material composition will indicate the welding tech- 
nique and the types of electrode or filler rod to be used, 
as well as the heat-treatment that would be required. 

The variety of conditions and the nature of repairs 
are so diverse that it is difficult, if not impossible, to 
formulate any specific rules or methods to be used for 
reclamation and repair work by welding. 


M* failures of plant and machines are directly 


The Problem 


For the work described, the problem was how to 
replace, without the need for preheating, a defective 
section in the main body of a 30-ton cast steel drop- 
hammer frame, which was a solid mass about Sft. Gin. 
thick (Fig. 1). 

The general principles for welding steel castings are 
fairly well established, and although certain limits are 
placed on repairs to new castings, which are usually 
supervised by Lloyd’s Register or the Admiralty, 
decisions regarding works’ reclamations or repairs 
are entirely at the discretion of the management. 


Joint Preparation 


In the present instance the defective section was not 
considered to be safe for further service, and it was 
replaced with a mild steel insert. This was accepted as 
a piece 84 in. thick, the final inch to the full 94 in. 
thickness of the casting being made up with a 
submerged-arc weld deposit. The edges of the insert 
were prepared to a double J butt joint with the root 
face about 4 of the thickness from the base (Fig. 2a). 

The main body of the casting in the defective area 
was first prepared by chipping and grinding to remove 


any surface cracks. A projecting ‘razor edge’ was 
removed by flame cutting, leaving an edge at an angle 
of about 60°, and the upper surface was ground flat 
(Figs. 2b and c). 

The next operation was to build up the surface of 
the defective area of the casting to a shape to match 
the prepared edges of the insert. To bridge the full gap 
at the ends of the insert (Fig. 2d), would have been 
useless, for the surrounding metal was so massive, and 


1— Detail of defective casting. The piece that broke away was 
9} in. thick and formed part of the guide for a drop hammer 


the amount of weld metal needed so large, that an 
unnecessary amount of heat would have developed 
across the joint with consequent greater contraction. 
Although the outer edges were free, the high restraint 
in the longitudinal direction would have led to possible 
cracking. 

It was therefore decided to use a ‘buttering’ tech- 
nique by superimposing runs of mild steel deposit 
until the required shape had been reached. The 
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buttering is simply a re-surfacing of a part in such a 
way that it is completely dissociated from the main 
joint, and it takes no part in the final local heat- 
treatment to which a welded joint of normal propor- 
tions is subjected. 

The buttering runs were deposited from } in. dia. 
low-hydrogen type electrodes in the H.V. position, as 
shown in Fig. 2c. Firstly, a straight bead was deposited 
as at A, with the electrode held at an angle of 90°. 
[his formed a shelf on which subsequent runs were 
laid, as at B, without removing the slag, and with the 
electrodes held at about 70° to the side of the work. 
By this technique it was possible to make continuous 
bead deposits, the slag falling down out of the way. 
The slag was easily removed when the superimposed 
runs were made to build up the surface to the required 
profile. 

At the two curved ‘ends’ of the fracture (Fig. 2d) 
runs were built up to fill in the space, and were squared 
off to suit the prepared ends of the insert. 

Because of the mass of the casting and the relative 
narrowness of the insert, it was decided not to use 
preheating, but the chill was first removed from the 
casting by means of pieces of red hot metal placed 
around the heavy sections. The heat developed from 
the buttering runs was also allowed to dissipate 
slowly with the help of similar hot metal 

At the end of this operation the profile had beer 
built up to a double J shape to match the edge of the 
insert (Fig. 2a) 


Welding-in the Insert 


The next stage in the repair was to make the final 
butt joint between the steel insert and the casting. The 
insert was held in position by a crane while it was tack 
welded into position, and angle supports were welded 
to the underside (Fig. 3). It was then checked for 
alignment. 

The final welding of the joint was carried out with 
§ in. and } in. dia. electrodes, which were deposited 


2—Methods of preparation and welding procedure adopted 
(a) preparation at edges of steel insert, showing also final 
form of joint and surface deposit; (b) projection on casting 
that was flame cut to form suitable welding edge; (c) method 
of applying buttering layers; (d) final shape of built-up portion 
at ends of defective portion 


longitudinally along the top and bottom until the U 


joints were completed. The insert was made oversize 


in width, and run-off plates were attached at each end, 
so that the finished edges of the welds, at C in Fig. 2d, 
would be sound after cutting away the surplus material. 

When the final runs were made to build up the top 
face to the required height, short transverse beads 
were deposited across the joint into the sound casting, 
each alternate run being staggered in length to avoid 
an abrupt line in the area of thermal disturbance 
(Fig. 4). The object of these runs was to help distribute 
the thermal stresses and to minimise the danger of 


3—Steel insert tacked in position and supported on angle struts 
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4—Cross beads applied before final surface layers were deposited 
by submerged-arc welding 


cross-sectional bead cracking. The remaining space 
was then filled in with longitudinal runs deposited by 
the submerged-arc process. 


Finished Repair 


The finished repair is shown in Fig. 5, which also 
gives some impression of the size of the weld deposits. 
his illustration also shows a 3-in. dia. bolt which had 
to be replaced. The original bolt hole was badly 
fractured, and a special heavy nut was made for 
welding on the casting to accept the new bolt. The 
nut was held in position during welding by means of 
a copper tube. 

It had been intended to machine the inside of the 
finished repair, but the setting up and the welding had 
been done so accurately that this was not necessary; 
thus the expense of transporting the frame to another 
department, as well as the cost of machining, were 
saved. The surfaces of the repair were finished to the 
satisfaction of the shop manager by chipping, grinding, 
and the use of flexible abrasive discs, followed by 
draw-filing. 


Conclusions 


This brief description of a welded repair has shown 
how the practical application of welding and cutting 


30-TON STEEL CASTING 


5— Finished repair before dressing the welds 


can reclaim a heavy piece of equipment at one tenth 
of the cost of a new part. The delivery time for a new 
casting was twelve months, and the production time 
saved by being able to put the repaired frame into 
service with little delay must also be taken into 
account. 


Acknowledgment 


The author wishes to acknowledge his thanks to all 
those who helped to make this reclamation possible. 








354 


INTERNATIONAL INSTITUTE OF WELDING 


Reproducibility of the CTS Weldability 
Test for Low-Alloy Steels 


The results are described of a co-operative investigation by five labora- 
tories on the Controlled Thermal Severity Test, which has been chosen 
by Sub-Commission B of Commission 1X of the International Institute 
of Welding as the most reliable basis for determining weldability of 
low-alloy steels. 

Tests were carried out under identical conditions on the same 
material and with the same electrodes. The agreement of the results 
was such that the CTS test is considered to be satisfactory for the 
scientific investigation of phenomena associated with heat-affected 
zone cracking, and as a comparative test for steels, electrodes, and 
welding procedure. 


with the weldability of steels related to their 
transformation characteristics. Its terms of refer- 
ence are: 

(a) To study the scientific background of the transformation 
phenomena of steels subject to the repeated heating and 
cooling cycles occurring in heat-affected zones of welds, 
with a view to providing a sound basis for recommenda- 
tions to be made to Commission IX. 

(6) To decide the means by which recommended temperature 
cycles for the welding of hardenable steels may be 
determined. 


Sith tie we B of Commission IX is concerned 


Since it was considered to be the most reliable test 
available, the Sub-Commission has adopted the Con- 
trolled Thermal Severity (CTS) Test, developed by the 
British Welding Research Association, as a basis for 
the determination of weldability. 

The tests described in this report were undertaken 
to investigate the reproducibility of the test carried out 
with identical material by various laboratories. Those 
participating were the British Welding Research 
Association (G.B.), Colvilles Ltd., Research Depart- 
ment (G.B.), Institute de Soudure (France), Mannes- 
mannforschungsinstitut (Germany) and Oy Esab 
(Finland). 

The specimens were selected and distributed by the 
Research Department of Colvilles Ltd. 


Development of the CTS Test 


The Controlled Thermal Severity test is a restrained 
fillet weld test deveioped from earlier tests of a similar 


type. Such tests consist essentially of the deposition of 


a fillet weld under predetermined conditions, and the 
subsequent examination of transverse sections of the 
weld for cracks in the heat-affected zone of the parent 
plate. 


The first test of this type was the Reeve Test! in 
which a fillet weld was made under conditions of 
extremely high restraint and with a very high rate of 
cooling in the heat-affected zone of the parent plate 
(Fig. 1). The test weld was made between two plates of 
the steel to be examined which were bolted together to 
a thick base plate, and then further joined to each 
other by fillet welds around three sides of the upper 
plate. The contact surfaces between the two test plates, 
and between the lower test plate and the base plate, 
were ground to ensure good heat transfer. The base 
plate served the two functions of increasing the rigidity 
of the lower plate, and of increasing the volume of 
metal into which the heat from the test weld could be 
dissipated. Thus the Reeve Test represented, both in 
restraint and cooling rate, the most severe conditions 
that could ever be obtained in practice. A disadvantage 
of this test was that large amounts of plate were 
required for each test weld, and also that the cooling 
conditions were always at one extreme of the possible 
range. 

To economize in material, Dearden and O’Neill?® 
proposed the modification of the Reeve Test shown 
in Fig. 2. In this test, the essentially ‘infinite plate’ 
cooling conditions were retained, together with the 
very high restraint, but provision was made for two 
test welds by moving the top plate to the centre of the 
length of the lower plate, and by using only two 
anchor welds. 

For both these tests, the original published descrip- 
tions suggested that cracks in the heat-affected zone 





A slightly abridged version of Document ITW/IIS—7-58 (ex doc. 
IX-213-58) of Sub-Commission B, Commission IX 
‘Behaviour of metals subjected to welding’, which was 
drafted by P. H. R. Lane of the British Welding Research 
Association. 474 
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Single test weld 





1— Reeve Test assembly 


2— Modified Reeve Test assembly 


Typical cracked weld from Reeve Test 


should be detected by the use of magnetic crack- 
detection fluid, utilizing either the remanent magnet- 
ism from the welding process, or a small permanent 
magnet. Sections for examination were cut from the 
test weld(s) and roughly polished on a face perpendicu- 
lar to the direction of the weld. A typical example of a 
cracked specimen from one of these tests is shown 
in Fig. 3. 

Whilst the above tests could be used conveniently 
for comparing the weldability of various steels, using 
various electrodes, the conditions of restraint and 
cooling were so extreme that the results provided little 
indication of the experience to be expected in service. 
The tests provided a large measure of security since, if 
cracks did not occur under the test conditions, it was 
most unlikely that they would ever be experienced in 
any fabrication. However, with such a severe test, a 
material might be rejected which, under service con- 
ditions considerably less severe than those of the test, 
could be welded satisfactorily. The Controlled Ther- 
mal Severity test was developed so that the severity of 
the cooling conditions could be varied. 

An examination of the important factors in a 
weldability test of the type being discussed showed that 
the considerable external restraint, applied by both the 
Reeve and the Dearden and O’Neill Tests, was not 
necessary for the initiation of heat-affected zone 
cracking. Unrestrained fillet tests were carried out.* 
These consisted simply of welds made between two 
plates which merely rested on top of each other 
(Fig. 4). Typical heat-affected zone cracks were 
obtained in such tests when the cooling rate con- 
ditions were sufficiently severe. Further tests used 


4— Unrestrained fillet test assembly 


smaller test plates and smaller base plates than were 
used in the Reeve Test, and it was found that cooling 
rates sufficiently high to cause considerable heat- 
affected zone cracking could be obtained with a much 
smaller assembly than had been used by Reeve.‘ It 
was also shown that with the smaller assembly the 
maximum cooling rate required could be obtained by 
using increased thicknesses for the test plates and no 
base plate. On the basis of these investigations the 
Controlled Thermal Severity test shown in Figs. 5 and 
6 was developed. 
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Description of CTS Test 


The CTS test consists of a fillet weld laid between 
two plates with the dimensions shown in Fig. 5. The 
upper plate is fixed to the lower by means of a single 
bolt and two anchor welds, and is placed with its 
centre line 2 in. from one end of the lower plate. After 
the anchor welds are made, the test assembly is 
allowed to cool to room temperature, and is then 
supported on a suitable heat insulated jig so that the 
test welds may be laid successively in the downhand 
position. After the first test weld, the assembly is 
allowed to cool to room temperature before the second 
test weld is made. The rate of cooling of the weid will 
be strongly affected by the heat input, which will 
depend on the size of the test weld. The experimenter 
should therefore specify the size of weld required. 

A certain amount of external restraint is provided in 
the specimen, for although the unrestrained fillet weld 
test showed that this external restraint was not 
necessary for the initiation of heat-affected zone 
cracks, it was found that restraint increased both the 
length and width of the cracks, which were thus more 
easily detected. 

Wide variations in the severity of cooling can be 
obtained by varying the geometrical conditions 
governing the heat flow away from the weld. This may 
be done either by varying the number of paths avail- 
able for heat to flow away from the weld, or by varying 
the thickness of the material constituting these paths. 
The two test welds in the CTS test differ in the number 
of paths available. That numbered | in Fig. 5 has two 
paths available, and that numbered 2 has three. 

To assist in describing the geometry of the test piece 
that controls the cooling conditions, a series of 
‘Thermal Severity Numbers’ is used. The basis of 
these numbers is the heat flow along one path of plate 
} in. thick; this has been defined as TSN 1 and would 
be attained by a weld on the edge of a plate } in. thick. 
TSN 2 indicates the equivalent of two paths through 
plate } in. thick, which could be provided by a butt 
weld in } in. thick plate, or a weld on the edge of 
} in. thick plate. In a fillet weld, such as is used in the 
CTS test, the thicknesses of the top and bottom plates 
must be considered, together with the protrusion of 
the bottom plate beyond the weld. For example, if both 
plates in Fig. 5 were | in. thick, weld 1 would be 
ISN 8, and weld 2 TSN 12. For the welds in a CTS 
test, the thermal severity numbers are given by: 

For weld (1) in Fig. 5, TSN=4 (b+) 

For weld (2) in Fig. 5, TSN =4 (2b+ t) 
where 4 is the thickness of the bottom plate and ¢ that 
of the top plate, both in inches. 

After both test welds have been laid, the test as- 
sembly is allowed to cool to room temperature, and is 
left undisturbed for some time to ensure that all 
potential cracks develop. There is some evidence that 
cracking does not occur immediately the test assembly 
cools to ambient temperature, but that cracks continue 


to appear, and to increase in length, for a period of 


many hours after welding. Accordingly, the Sub- 
Commission recommends that all test welds should be 
left for 48 hr before sectioning. 

After this period, the test welds are cut from the 
assembly and sectioned according to the scheme 
shown in Fig. 7. The faces indicated are prepared for 


microscopical examination. The preparation should 
be carried out with the utmost possible care, since the 
material in the heat-affected zone has been subject to 
severe cooling conditions, and is undoubtedly in a 
metastable state. Accordingly, machining operations, 
such as sawing or surface grinding, should be carried 
out with light feed rates and an adequate flow of 
coolant. It is suggested that after such machining 
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Anchor weld 


5—Controlled thermal severity test assembl\ 


6—CTS test specimen on insulated stand ready for welding 
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8—Typical fine crack from CTS test 


operations at least 40 microns of material should be 
removed from the surface in the subsequent rough 
polishing stage.® The surfaces to be examined should 
be prepared in the usual way for metallographic 
examination, proceeding through successively finer 
grades of abrasive paper, and finishing with a polishing 
process. If electrolytic polishing is used, the process 
must be carefully controlled to produce a polished 
surface of high quality, since otherwise it can lead to 
spurious markings on the polished surface, which can 
easily be mistaken for cracks. If mechanical polishing 
methods are used, modern diamond powder tech- 
niques are preferable to the use of alumina or similar 
cutting agents. 

After polishing, the specimens should be etched. If 
electrolytic polishing has been used, etching can 
normally be carried out with the same apparatus. 
Alternatively, and always where mechanical polishing 
has been used, the specimens should be etched in a 3% 
solution of picric acid in alcohol, to which has been 
added 3° of concentrated hydrochloric acid. This 
solution has been specially selected because it has a 
slight staining effect on the cracks, thus making them 
easier to observe. 

The heat-affected zones of the etched specimens 
should be examined with a good quality microscope.* 
All specimens should be examined at a magnification 
of x 500, and, where it is desirable, lengths of cracks 
should be measured by means of a suitable traversing 
stage with measuring scales fitted to the microscope. 
The specimens can generally be examined more satis- 
factorily with a bench instrument than a projection 
microscope, since the resolution obtained on a normal 
ground glass screen is not always adequate. 

In critical cases, and where variability of results 
suggests that some of the cracks are not being detected, 
the specimens should be re-examined at a magnifica- 





* Magnetic or penetrant methods of crack detection can be used 
to avoid the need for microscopical examination of speci- 
mens with large cracks. Specimens in which no cracks have 
been revealed by these methods must still be examined under 
a microscope. 
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tion of x 1250. This re-examination at high power 
should be carried out on a proportion of the speci- 
mens from all small fillet welds (# in. leg length and 
smaller). A typical crack is shown in Fig. 8. 


Arrangements for Co-operative Study 


Materials were supplied from one source to the five 
co-operating laboratories. Two steels were selected 


Table I 
Analyses of steels examined 





° 


Composition, “, 

Cast No. : Si } P Mn WNi Cr 
O5593 , . 04: 026 1-62 
, . 1-16 


Mo 


0-48 0-12 0-28 


0- 
32 0-020 





for examination: the cast numbers and analyses of 
these are shown in Table I. The steels were selected so 
that they might be expected to show heat-affected zone 
cracks when welded with normal rutile-covered mild 
steel electrodes, but they were intended to show differ- 
ent degrees of weldability. Electrodes from one batch 
were also supplied to the five co-operating labora. 
tories; these electrodes had mild steel core wires with 
a coating of class EXXXRIX (rutile). Electrodes for 
making the anchor welds EXXXB16 (basic) were also 
supplied. Basic electrodes were used for anchor welds 
since, with the steels used, it was known that these 
would give crack-free welds. Co-operating laboratories 
were asked to make duplicate test welds with thermal 
severity numbers 4, 6, 8 and 12 (i.e., four CTS as- 
semblies, two with both test plates | in. thick and two 
with test plates 4 in. thick). Welding conditions which 
would give a weld with a leg length of a } in. were 
notified to the various laboratories. 

The laboratories were requested to section and 
examine the specimens, and to report the actual leg 
lengths of the welds, and the amount of heat-affected 
zone cracking, as a percentage of the appropriate leg 
length. The results from each laboratory were supplied 
to BWRA. 


Results 


The detailed results from the original examinations 
are shown in Tables II and III. From these results, an 
assessment was made for each steel of the highest 
thermal severity number at which the tests from each 
laboratory showed no cracks. These numbers are 
shown in Table IV, columns 2 and 4. With steel 05593, 
the agreement between the five laboratories was good, 
ranging from an estimate of 4 for laboratory A, to 
6 for laboratories C, D and E, as the highest thermal 
severity at which the steel would not show cracks. For 
steel Y4792, however, three laboratories (A, C, D) 
showed good agreement, whilst the other two labora- 
tories (B and E) agreed with each other, but at a con- 
siderably higher level of weldability than that found by 
the first three laboratories. In view of this discrepancy, 
it was decided to collect all the specimens at the 
laboratories of BWRA for re-examination by one 
metallographer. 
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There were several minor differences in the amounts 
of cracking observed by BWRA, as compared with 
those reported by the original laboratories. This was 
to be expected, since the re-polishing of the specimens 
might well expose a surface with a different crack 
length from that originally examined. This variation 
is not of great consequence, since the actual measure- 
ments of crack length are not very significant. On 
steel 05593, none of the differences found had any 
significant effect on the highest TSN at which the steel 
would be considered weldable, on the basis of the tests 
at each of the laboratories. 

On steel Y4792 at TSN 12, laboratory B reported no 
cracking in any section of either weld. Re-examination 
at BWRA showed 18% and 8% cracking in the 
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horizontal legs of two specimens from one of the 
welds. The same laboratory had reported no cracking 
with this steel at TSN 8, whereas BWRA found 
cracking in three out of six sections. The effect of this 
was to reduce the highest thermal severity number at 
which steel Y4792 would be considered weldable, on 
the basis of tests from laboratory B, from 12 to 7. 

On this same steel, laboratory E indicated only 
small amounts of cracking in one leg of one section of 
one of the test welds at TSN 12; the examination at 
BWRA showed cracking in four out of six sections. 
Also on this steel, one section from the only test weld 
made by this laboratory at TSN 6 showed a small 
amount of cracking (5%), where the original labora- 
tory had observed none. The effect of this is to reduce 


Table II 


Results of CTS Tests on steel 05593 
(Electrodes BS.1719-E.219) 





Current, 
amp 
170 
173 
175 
175 


Arc voltage, 
Vy 
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170 24 
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+a +L ae 


Leg length, in. HAZ cracking (°, of leg length) 
H V H V 


Av. 
0-26 24-32 24-19 27 
0-26 37-69 0-23 32 
0-23 21- 2 2-50 16* 
0-26 16-22 0-0 107 


0:27 
0:26 
0-25 
0:26 


0:28 0-27 A- B-B 


0-27 , 0 


0-28 37-53 
0-27 : : 
0-23 “2 0- 
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0-26 2 39-47 


0:23 , - 0 
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0-33 2 S— 0-3 
0-28 “2 29-14 
0-21 

0:22 ae 0 


0-29 2 56— 0 
0:28 “2 17- 
0-21 0 
0-24 0 


0 
0 
0 
0 


0 
0 
0 
0 


0 
0-29 0 


0-23 
0:26 0-30 0 





* One section of three showed throat cracking. t All three sections showed throat cracking. 


Note: Laboratory C did not measure the lengths of cracks, but recorded their magnitude qualitatively. The information supplied 
to B.W.R.A. has been assessed in four groups of crack severity: 0, A, B, C. 0 represents no cracking, and A, B, C represent 


increasing amounts of cracking. 
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Table III 


Results of CTS tests on steel Y4792 
(Electrodes BS.1719-E.219) 





Current, 
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Note: At TSN 4, tests were carried out by laboratories A, B, and D. No cracking was found. 


Laboratory C did not measure the lengths of cracks, but recorded their magnitude qualitatively. The information supplied 
to B.W.R.A. has been assessed in four groups of crack severity: 0, A, B, C. 0 represents no cracking, and A, B, C represent 


increasing amounts of cracking. 


the highest thermal severity at which the steel would be 
indicated as being weldable, on the basis of tests con- 
ducted by laboratory E, from 11 to a figure between 6 
and a little over 8, which has been assumed to be 8. 
The complete results for the amount of cracking found 
by the original laboratory and by BWRA are shown in 
Tables V and VI. 


Discussion and Conclusions 


In considering the results of these tests, it should be 
remembered that the original restrained fillet tests 
were designed so that the results would be judged on 
the basis of the absence or presence of cracks; the 
lengths of the cracks were not considered. With the 
later development of the CTS test, in which the 
severity of cooling could be varied, it was at first 
thought that crack lengths had some significance, and 
that these could be used to provide sub-divisions of 
steps equivalent to changes of two units in the thermal 
severity number. However, the experience of the 
British Welding Research Association over a number 
of years shows that, in fact, the lengths of cracks 
obtained are not very significant. This indication has 
received further support from the tests reported here: 


whilst the highest thermal severity number at which 
each of the steels would be indicated as being weldable 
does not vary greatly between one laboratory and 
another, the lengths of cracks obtained do show con- 
siderable variation. Further, quite wide changes in 
reported crack length were sometimes found in the 
same specimens, examined at the laboratory of the 
organization making the test, and re-examined at 
BWRA. It should be emphasized therefore, that, 
whilst for certain research purposes there is value in 
measuring and recording the crack lengths, no great 
significance should be placed on them, and the crite- 
rion by which results of CTS tests should be judged 
should be the presence or absence of cracks.* 

The results of the re-examination of the specimens 
by BWRA have shown that some experience is needed 
in detecting all the cracks. The operators at BWRA 
have been working on this subject for more than 5 
years, whereas some of the co-operating laboratories 
were carrying out for the first time tests of the type 
described. 





* Further experience may show that the criterion should not be 
the complete absence of cracks, but should be a positive 
limiting value; for example, not more than 5% of the weld 
leg length. 
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Table IV 
Highest TSN at which each steel would be considered weldable 





Steel Y4792 
Original BWRA 

Lab 

‘ 

12 

6 

6 

11 


Steel OS5593 
Original BWRA 
Lah 


Laborator) 





Some of the discrepancies between the results 
obtained from the tests carried out in the five labora- 
tories can probably be ascribed to variations in weld- 
ing technique. Although it is difficult to illustrate the 
point, the overall impression from the examination of 
all the specimens was that the penetration of the welds 
from laboratory E was rather less than for the welds 
from the other laboratories. Also, the cracks observed 
in the specimens from laboratories B and E took the 
form of fine cracking systems, contrasting with the 
rather coarse cracks observed in the specimens from 
the other laboratories. Whether these observations are 


Table ¥ 
CTS tests on steel O5593 
(Electrodes BS.1719—E.219) 





Original Lab 
Laborator) 4 


A 19-42 


3 39 


50-15 
O- 6 
Cc 
Cc 


0 
0 


HAZ cracking (°, of leg length) 


BWRA 
U 


Av. H 
26 16— 9-34 
32 i 20-40 


16 2 38 
10 23 


14 
0-2 


12 
39 


0 
0-2 


9 


13 
18 


8 
0 


14 j 0-10 
18 3-25-14 


0 0- 6 0 
4 QO. 0- X- 6 


Specimens not available 


0 ‘ 0-20-23 
0 X-) X- X- 0 


5 0 
0 0 
3 0 


0 0 
0 0 


Specimens not available 


1- 0- 0 0 
0 0 0 
0 0 0 





X Specimen not available to B.W.R.A. 
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Table VI 
CTS tests on steel Y4792 
(Electrodes BS.1719-E.219) 





Original lab. 

Laboratory) , 
A 0O- 0-16 
0- 0-16 


HAZ cracking (°%, of leg length) 


Ay. H 
3 5 O 5 
4 7—~ O- 8 





X Specimen not available to B.W.R.A 


* Laboratory B re-examined its specimens, and the new results agreed with the B.W.R.A. assessments. 


related to the lesser amounts of cracking in the welds 
made by laboratories B and E is not known. 


Nevertheless, the agreement found between the 
results of tests carried out on the same materials by 
five laboratories is considered to be satisfactory. 

It is the opinion of the Sub-Commission that the 


CTS test is satisfactory for scientific investigations of 


the phenomena associated with heat-affected zone 
cracking. 

The test may also be used as a comparative test for 
steels, electrodes, and welding procedures. 

However, extreme care was necessary to obtain the 
results given in this report, and some differences 
between laboratories still exist. For this reason the 
test cannot be used for specification or acceptance 
purposes. 


The work of the Sub-Commission on the general 
problem of the weldability of steels as related to trans- 
formation phenomena in the heat-affected zones is 
continuing; the next stage is to be the collection of 
information relating results of CTS tests to service 
experience in welding low alloy steels. 
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REPORT OF COUNCIL FOR 1958 


The Thirty-sixth Annual Report of the Council on the activities of the 
Institute during the twelve months ended 31st March 1958, was 
submitted for the approval of members at the Annual General Meeting 


on 16th July, 1959. 


ANNUAL REPORT 


Honorary Officers and Council 


The Honorary Officers and Council elected in 1958 took 
office after the Annual General Meeting of 17th July 1958. 
Mr. John Strong delivered his Presidential Address to 
members at the opening of the Autumn Meeting in London 
on 6th November, 1958. The Address was printed in the 
Journal for December, 1958 

In March, 1959, Mr. A. C. Hartley, c.B.£., who had 
undergone a major operation in the Autumn, tendered his 
resignation of the Vice-Presidency. The Council accepted 
his resignation with regret, expressing the hope that after 
his term of office as President of the Institution of Civil 
Engineers he might be able again to consider accepting 
office in the Institute 


Expansion of Services 


The year under report is the first full year under the 
revised Constitution approved at Extraordinary General 
Meetings in February and July 1958. It has been in the 
main a period of consolidation, in which effeci has been 
given to the Future Policy outlined by the Council, the 
main feature of which is the expansion of the services 
rendered to members and to the engineering industry. 
Expansion has been most notable in Meetings, Publica- 
tions, and the School of Welding Technology, while in 
other fields, and especially in the work of the Technical 
Committees and the Library, good progress has been made 
in resuming activities temporarily suspended and re- 
organizing for a further advance. 

An Appeal to Industry for increased financial support to 
which detailed reference is made below brought over 
£9,000 in donations and promises and enabled the Council 
to repay half the sum borrowed on mortgage for the pur- 
chase of the house and to discharge certain outstanding 
liabilities for its conversion and repair. 


Meetings 


The Spring Meeting was held at Harrogate in association 
with the Leeds and District Branch from 7th to 10th May, 
1958. The attendance was a little smaller than at previous 
Spring meetings but a useful and interesting programme of 
works visits was arranged and the papers presented at the 
technical sessions evoked good discussion. 

The Autumn Meeting was held in London as usual in 
November, opening with the Annual Dinner at the Park 
Lane Hotel, the attendance at which, 390, was a record. 
The principal guest was Mr. W. J. Taylor, Parliamentary 
Secretary to the Ministry of Supply, who kindly took over 
from the Minister, Mr. Aubrey Jones, at very short notice. 
The technical sessions on the two following days were very 
well attended and the discussion on the seventeen technical 
papers presented in four sessions was most satisfactory. 

A list of the Honorary Officers and Council for 1958-59 appears 
on p. 17 of this issue (Advert Section) 
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The Second Annual Lecture was given by Dr. A. B. 
McIntosh, on behalf of Sir Leonard Owen, at the Institute 
on 12th March, 1959, the subject being ““Welding and the 
Nuclear Energy Programme” (see Journal for May, 1959). 
The Institute’s lecture hall was well filled. 

On 24th September, 1958, a large audience gathered to 
hear a lecture by Mr. D. L. Pratt, Engineer of the Trans- 
Antarctic Expedition, on ““Welding in Low Temperatures” 
The lecture, which was illustrated by a film and a large 
number of coloured slides, was enthusiastically received. 

Two joint meetings were held during the year. On 28th 
October, at the Institution of Mechanical Engineers, a 
Joint Symposium on Aluminium Pressure Vessels attracted 
an enroiment of nearly 500; this symposium was organized 
in association with the British Welding Research Associa- 
tion, The Aluminium Development Association, The 
Institution of Mechanical Engineers, and The Institution 
of Chemical Engineers. 

A joint meeting with the Iron and Steel Institute was 
held at the Institution of Naval Architects on 10th Decem- 
ber, 1958. Mr. P. D. Blake presented four papers and Dr. 
Christensen two on different aspects of the problem of 
hydrogen in weld metal. All the papers had been pre-printed 
in the Journal, in which the valuable discussion will also 
appear. 

During the year the Programme and Publications Com- 
mittee, in common with all the Standing Committees of 
Council, has been considering how best to give effect in its 
own sphere to the Outline of Policy issued by the Council 
in 1957. The report has not yet been completed but one 
decision will have become known to members before this 
report is issued, namely, that the Spring Meeting will in 
future be held in London in alternate years during the 
Engineering, Marine, Welding and Nuclear Energy 
Exhibition. 


Publications 

In July, 1958, the Institute resumed direct responsibility 
for the editing and production of the British Welding 
Journal. This work is now undertaken for the Institute by 
Editech, one of the Partners of which is Mr. C. R. Harman, 
who acts as Executive Editor of the Journal. Changes in 
contents and presentation planned in the previous year 
have been introduced gradually and further improvements 
are intended, with the object of enlarging the Journal and 
widening its technical appeal. It has been decided in July 
to resume control of the advertisements so that the admin- 
istration of the Journal will be fully integrated under the 
general editorship of the Secretary. 

During the year the Institute published the proceedings 
of the First Commonwealth Welding Conference and a 
combined Index to the Transactions of the Institute of 
Welding and Welding Research, for the years 1938 to 1953. 
The first of these publications was sold out by the end of 
the year. 

The Health and Safety booklet also went out of print 
during the year, having sold 25,000 copies in less than 
three years. 
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Volume 2 of the Handbook for Welding Design has deen 
delayed for lack of two or three sections and the resignation 
of the compiler has postponed the completion of Volume 3. 
The Programme and Publications Committee is giving 
urgent consideration to finishing this long awaited work 
of reference. 


Education Committee 


The Education Committee continued to carry out its 
routine work: it dealt with enquiries and requests for 
assistance in connection with welding courses from eleven 
different technical colleges; it advised the British repre- 
sentatives on the Welding Instruction Commission of the 
International Institute of Welding, and it organized the 
Institute’s Own examinations. As regards the last point, 
machinery has been established for the oral examination of 
candidates eligible, under the revised membership regula- 
tions, to qualify in this way for Associate-Membership. 

The Education Committee has been increasingly con- 
cerned about the need for refresher courses in welding for 
teachers. On its initiative, a course for teachers of engineer- 
ing up to H.N.C. level is being organized this year at the 
Manchester College of Technology, while the Institute's 
School of Welding Technology is planning to hold in 1960 
a course for teachers of welding for the City and Guilds of 
London Institute examinations. 

A careful study has been made during the year of those 
aspects of the Council’s Outline of Policy which fall within 
the province of the Education Committee; a number of 
detailed recommendations were submitted to and approved 
by the Council. 


School of Welding Technology 


The School has now completed its first eighteen months 
of service to the British engineering industry. In that time 
more than 1,000 engineers, designers, and draughtsmen 
have attended the courses, day and evening, offered by the 
School. The demand for places is such that it was decided 
from January, 1959, to organize two day courses a month 
instead of one. The following is a list of courses held during 
the year with the attendances: 


Day Courses 

1958 April 
April D.9 

May D.7 

June D. 11 

Oct D. 12 

Oct. D. 13 

Nov. D.10 

Dec. D. 5/1 

Jan. D. 23 


D. 8 Welded Structures 
Health and Safety 
Ultrasonic Inspection 
Inert-Gas Arc Welding 
Control of Distortion 
Residual Stresses 
Welding in Shipbuilding 
Inspection and Testing 
Training, Testing and 
Approval of Welders 
Brazing Technology 
and Design 
Welded Storage Tanks 
Welded Design and 
Construction in Corro- 
sion and Heat- 
Resisting Materials 30 


Feb D. 15 


Feb. D. 16 
Mar. D. 6/1 


12 day courses 451 students 


(average—37 per course) 


Evening Courses 


1958 E.1/4 Detail Design of 
Welded Structures 
Detail Design of 


Welded Structures 117 


120 (approx.) 
E. 1/5 


237 students 


The maximum enrolment for a day course is normally 40. 
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The management of the School is entrusted to a standing 
committee of Council with Mr. E. Seymour-Semper as 
Chairman. Courses are now planned for two years ahead, 
and the committee gives much thought to long-term 
development of a project which is already an outstanding 
achievement for a technical institute. The Council has 
approved proposals for the establishment of an Advisory 
Council on Welding Education, on which it is intended to 
invite representatives of government departments, industry 
and educational authorities to serve. 


Sir William J. Larke Medal 


The Sir William J. Larke Medal for 1957 was awarded 
to Mr. M. Noone and Mr. W. C. Holliday, for their paper on 
“Welding of Spheres and Bullets in situ’’. The Medal was 
presented to the winners at the Spring Meeting at Harro- 
gate. 


Technical Committees 


Most of the technical sub-committees and panels have 
met again after a period of enforced suspension. The 
projects in hand have been examined afresh and various 
plans for the re-organization of the work have been under 
consideration, the primary object being to formulate a pro- 
gramme which» the technical staff can carry through 
punctually and effectively. This will necessarily entail the 
establishment of a series of priorities, particularly in 
respect of the various projects involving the compilation 
and publishing of booklets, on which several of the panels 
are engaged. 

A technical committee on Inspection and Testing has 
been set up to carry on the work of the B.W.R.A. Non- 
Destructive Testing Committee and preparations have 
been made for the establishment of a committee on Metal 
Spraying in view of the extension of the Institute's interests 
into this field. 

The main Technical Committee and several of its sub- 
committees advise British delegates on the I.1.W. Com- 
missions and sub-Commissions, the work of which is 
increasing with the growing activity of I.1.W. 

Another most important function of the Technical Com- 
mittee is the appointment and briefing of Institute repre- 
sentatives on the committees of the British Standards 
Institution. The procedure for commenting on draft 
standards has been under review as part of the re-organiza- 
tion mentioned. 


Library and Information Service 

Miss W. R. Urwin, A.L.A., the Library Assistant, has had 
to deal with very considerable arrears of work, due to the 
double removal of the Institute in 1956 and 1957 and to the 
illness of her predecessor. Various lists have been revised 
and a number of improvements both in the equipment and 
in the organization of the library service has been effected. 
The service has made an encouraging recovery over the 
past year and the number of members using it is now higher 
than for many years. During the year 480 borrowers were 
lent 1,037 items, whilst written enquiries averaged twenty 
a week and telephone enquiries about twenty-five a week. 

The Library Assistant compiles the contents lists of 
welding periodicals published in the British Welding 
Journal and also supplies the abstracts of British welding 
publications for the Bibliographical Bulletin for Welding 
and Allied Processes. The number of abstracts supplied last 
year was 313—a big service to British welding. 

Miss Urwin is also responsible for the selection and des- 
patch of British welding publications for display at the 
I.1.W. Annual Assembly. 


Branches 


All the Branches remained active throughout the year 
and held full programmes. Several of the Branches organ- 
ized meetings aimed at attracting new members either from 
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a special section of industry such as Metal Spraying or 
from engineering students or draughtsmen. The success of 
these meetings should prompt other Branches to similar 
action planned with special reference to the industrial 
needs of their own areas. 


Co-operation with Other Bodies 

Regular consultation among the Officers ensures con- 
tinuous co-operation between the Institute and the British 
Welding Research Association, the fruits of which are 
most evident in the development of the School of Welding 
Technology, which includes visits to the Research Associa- 
tion at Abington in many course syllabuses, and in the 
development of the British Welding Journal, the official 
organ of both the Association and the Institute. 

In the summer of 1958 the International Institute of 
Welding marked the completion of its first ten years of 
growth and activity by the publication of a handsome 
commemorative volume /./.W./1.1.S. 1948-1958. The 
Council of the Institute offers its congratulations to I.1.W. 
and takes satisfaction in the progress achieved and in the 
growing influence of the international organization, of 
which the Secretary of the Institute has been the Secretary- 
General since its beginning. Members of the Institute 
derive considerable benefit from this connection in respect 
of meetings and publications and through the Library and 
Information service 

Reference has already been made to joint meetings with 
other Institutions for the study of problems of common 
interest. 


Membership 


The total membership on 31st March, 1959, was 4,882, 
made up as shown in the table below, which gives the 
corresponding figures at the same date during 1956-58. 


1956 1957 
, 


1958 
md 


1959 
Honorary Fellows 2 2 2 
Patrons 12 12 12 
Fellows I I I 
Honorary Members 14 1S 14 
Members 938 928 918 897 
y con a oe 7 783 797 
Associate Members 1,766 ie i‘ : L 1.896 
65 
Companions 137 153 181 204 
Graduates 137 142 156) 206 
1,311 


734 
1,269 
73 (now 
graduates) 
Overseas Members 2 59 56 (now 
Associate Members) 


Associates 1,216 
Students 76 


Industrial Corporate Members 
Class | 
Class 2 > 342 332 
Class 3 8 
H.M. Forces Membership 7 7 
4,808 


4.829 4,882 


Annual Gain or Loss 89 21 53 


The Council elected 289 (254) new members and 
approved 64 (28) transfers and 4 (2) reinstatements. During 
the year, 121 (86) members resigned and 95 (120) were 
removed from the register by the Council for non-payment 
of subscriptions. 

The Council records with regret the death, on 22nd 
August, 1958, of Mr. W. H. Carslaw, who served as Chair- 
man on the Institute’s Membership Committee for many 
years. The Council regrets to record also the death of 23 
(27) other members. 
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The figures in brackets are the corresponding figures for 
the year 1957-1958. 


Premises 

With the help of funds provided by members, and in 
particular the subscriptions to the Furnishing and Mort- 
gage Redemption Fund, the Council has been able to make 
further progress with the adaptation and development of 
54 Princes Gate, improving its convenience for the Insti- 
tute’s purposes. The London Branches continue to hold 
their evening meetings in the Lecture Hall, which is also 
used for meetings of the Institute, for Council and Com- 
mittee meetings and for the courses of the School of Weld- 
ing Technology. Several much appreciated gifts have 
improved the amenities and attractiveness of the Hall: the 
Council offers its thanks to the Past President, Sir Charles 
Lillicrap, for having the Institute’s Grant of Arms framed 
for display; to the North London Branch Committee for 
the gift of the epidiascope; to the South London Branch 
Committee which presented a projection screen and a 
handsome oak cupboard; to Rockweld Ltd., who have 
kindly placed a film projector on permanent loan; to 
A.E.1. Lamp and Lighting Ltd., for the gift of specially 
designed electric light fittings; and to the South Wales 
Branch for the gift of two chairs for the Council Room 
suite. The furnishing of the room has been completed by 
the purchase from the Furnishing and Mortgage Redemp- 
tion Fund of 22 chairs and 12 tables. 

The Members’ Room and the General Office on the 
ground floor have been changed over, to give more space to 
the former, in which light refreshments are served before 
meetings and during School courses. 


Finance 


Toward the end of the previous year the President, Sir 
Charles Lillicrap, and the then Vice-President, Mr. John 
Strong, addressed an appeal for increased financial support 
to Industrial Corporate Members. The response by the 
end of the year under report exceeded £9,000. Lists of the 
donations and subscribers have been printed in the 
Journal. 

In the Income and Expenditure Accounts, for the first 
time since 1955/6, income for the year exceeded expendi- 
ture by £281, after providing £700 for depreciation of 
54 Princes Gate and transferring £250 to the Sinking Fund 
for redemption of the mortgage. A reducfion of £1,168 in 
the net cost of Publications, as compared with 1957/58, 
more than offset increases in all the other direct services to 
members. All sources of income, except the surplus on the 
School of Welding Technology, showed increased yields; 
the figures for Subscriptions and Entrance Fees, together 
£20,395 as against £18,711 in 1957/58, are particularly 
encouraging. 

The Balance Sheet reflects the decision of the Council to 
merge the Working Reserve Fund in the Accumulated 
Fund, the repayment of half the mortgage loan of £10,000, 
and the establishment of the Tibbenham Trust Fund. 


Acknowledgments 
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Further Tests on Welded Connections 
Between I-Section Beams and Stanchions 


The work described in this report is concerned with the economical 
design of welded beam-to-stanchion rigid connections for multi-storey 
steel frames fabricated from material to BS.15. An earlier report con- 
tained details of similar tests carried out using rather small beam sec- 
tions but it was considered that scale effect might be of some significance 
By so this further series was undertaken with a somewhat more realistic 
size of beam. A total of sixteen specimens was fabricated and tested 
and their behaviour is illustrated by means of graphs which show the 
relationship between the applied moment and the deflection at certain 
specified points. In every instance the stanchion was a length of 
108 in. x 55 lb. RSJ, and the beams were all 16 «6 in. 50 lb RSJ, 
but all the joints were different as regards details of construction, 
fabrication, and sizes of weld. The effects of these variations on the 
behaviour under test were studied and a list of recommendations has 
been drawn up for use in design. Fillet welds only were used throughout. 


L. G. Johnson, M.A.. 
A.M.I. STRUCT. E. 


RAME construction for multi-storey buildings, 

which relieves the walls of the task of carrying any 

but their own weight, has been established for 
half a century, but it is only recently that any real 
attempt has been made in Britain to depart from 
traditional methods of wall construction. Curtain 
walling has now been applied successfully to a number 
of projects and it is possible that the time will come 
when it is specified for all new tall buildings. Any 
multi-storey structure which has some form of light 
pre-fabricated cladding differs from the traditional 
building in that it has to rely on its own skeleton, or 
alternatively a system of bracing, for its rigidity. 
Bracing itself is often undesirable for practical reasons, 
except perhaps round lift shafts where it causes no real 
obstruction, and it seems inevitable that there will be 
an increasing demand for fully rigid building frames. 
The conventional steel frame which utilizes simple 
black bolted stool and top cleat connections is quite 
inadequate. Such frames are designed by the orthodox 
methods which date back to the beginning of the 
century. The method of proportioning stanchions is 


irrational and beams are assumed to be simply sup- 
ported, with reactions acting at not more than 2 in. 
from the face of the column; yet the Steel Structures 
Research Committee’s tests on buildings showed that 
in most cases the eccentricity is nearer twenty times 
that distance. Conventional design of lightly clad 
multi-storey frames leads to sections, and particularly 
connections, which are quite unsuitable from consider- 
ations of both strength and deflection. The frame must 
of necessity be rigid in itself to prevent excessive 
deflection with the possibility of sway oscillation 
under wind. Any deflection which does occur should 
be mainly elastic. 

These facts call for rigid beam-to-stanchion con- 
nections and this in turn precludes the use of com- 
pound stanchions, owing to the difficulty of transferring 
forces from the flange plate to the joist. Furthermore, 
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the web of a rolled steel section is comparatively thin 
and has to be stiffened locally to resist the applied 
moments. Such local stiffening can often complicate 
the erection of the secondary beams but ways can be 
found to overcome this difficulty. 

The only really satisfactory way of obtaining full 
strength beam-to-stanchion connections is by welding. 
Shop welding is now commonplace but many engin- 
eers are still reluctant to use site welding no matter 
what advantages it may offer in particular instances. 
he availability of a simple non-destructive method of 
weld testing would no doubt do much to overcome this 
prejudice but this is a problem which does not seem to 
have an easy solution. 

It has to be remembered that a steel frame that is to 
be site welded must first be temporarily fastened 
together during erection. This initial positioning of the 
members is not satisfactorily achieved by means of 
welding, and bolts or clamping devices, which do not 
usually contribute to the ultimate strength of the 
structure, have to be used. Such clamps or bolts should 
be kept to a minimum and preferably be allowed to 
remain permanently in position after welding because 
much time and effort can be wasted in removing them. 
Site welding involves the use of some form of scaffold- 
ing and possible wind shields, and the work will need 
to be subjected to very close and frequent inspection. 
Welding is still comparatively expensive, and to be 
competitive all joints must be very carefully designed 
to use the minimum amount of weld metal and to 
ensure that as much of it as possible is done in the 
downhand position 

The theoretical and practical requirements which 
must be satisfied by rigid beam-to-stanchion con- 
nections in a structure designed by the plastic theory 
have been set out in a previous paper* and will not 
therefore be repeated here 


Experimental Work 


The sixteen specimens that tested can be 


divided into three groups 


Group 1: Specimens A and B. These were in the nature of 
pilot tests, which were carried out to check the suitability of 
the basic design of the joint. They were fabricated at the Cam- 
bridge University Engineering Laboratory Workshops 

Group 2: Specimens | to 7. This batch of seven test pieces 
was fabricated by a steelwork contractor under normal work- 
shop conditions 

Group 3: Specimens 8 to 14. These too were made under 
workshop conditions but by a different company 


were 


All the connections consisted of a 2 ft 6 in. length of 
10 * 8 in. x 55 1b RSJ, and two 5-ft lengths of 16 « 16 in. 

50 Ib RSJ with 64 4 in. angle stool cleats. The 
specimens were welded into a symmetrical cruciform 
shape (see Figs. 2-5). A diagrammatic representa- 
tion of the method of load application and deflection 
measurement ts shown in Fig. |. (The position of the 
joint in the testing machine is upside down relative to 
the position it would occupy in an actual structure.) 
Fabrication details of all the joints are shown in 
Figs. 2-S. 

Loads were applied by a 500-ton Amsler hydraulic 
compression-testing machine, using a beam table to 
give two-point support to the specimens. The loads 


* L. G. Jonnson: Brit. Welding J., 1959, vol. 6, pp. 38-46 
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were measured directly from the machine and deflec- 
tions were recorded by simple dial gauges to an 
accuracy of 0-001 in. Every joint and the adjacent areas 
were given a coating of plumber’s resin so that the 
attainment of the yield stress and the position of local 
yielding could be noted. 

The point loads were applied at a distance of 5 ft 
from the face of the stanchion. A plate was welded to 
the outer end of each beam so as to prevent twisting 


Crosshead of 
testing machine 


Dial gauge 
or 


Compression O 











I | Tension 


Jj Ls 











Applied 


load 
1— Method of loading 


during test, the plates themselves sitting on a roller 
which in turn was mounted on the beam table. 
Figure 6 shows the relationship between the applied 
moment and the deflection of the beam, due to bending 
only, at the point of application of the load. The 
deflection due to shear has been estimated and is de- 
ducted from the observed total. 

All the specimens were basically similar in design 
but certain details were changed in each of them so that 
the effects of these variations might be studied. For 
example, the clearance between the end of the beam 
and the face of the stanchion was in some cases } in., 
in others , in. and a few had no clearance at all. Weld 
sizes and stiffener thicknesses too were not kept 
constant, and specimens 8-14 had certain stiffeners 
which were deliberately made a rather slack fit. The 
specified end clearances were maintained by small 
shims inserted between the beam and the face of the 
stanchion. Under normal site conditions shims would 
not be necessary because both ends of the beam could 
be securely positioned by first welding the flanges to 
the stool cleats. 

All the connections were fabricated under normal 
workshop conditions, the welding being carried out by 
a competent craftsman. Specimens |—7 were welded in 
the position they would actually occupy on site, i.e. 
the webs of the beams were in the vertical position and 
the underside of the tension flanges were in the over- 
head position. The electrodes used were to BS.1719 
Classification E217, E317, and E319. 

Fillet welds were used in preference to butt welds for 
connecting the flanges of the beam to the face of the 
stanchion, because the single-V butt weld is generally 
regarded as inferior to the fillet weld for the following 
main reasons: 


1. It is difficult to make and requires preparaticn of the beam 
flanges 

. The quality of the weld depends to some extent on the end 
clearance of the beam, a dimension which cannot be 
guaranteed under normal workshop and site conditions 
Lack of penetration into the flange of the stanchion 
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‘ie end clearance 


4. Heavy concentration of stress on the flange of the stan- 
chion, tending to open the longitudinal fibres, whereas the 
greater spread of fillet welds reduces the intensity of stress. 


The variations in end clearance from zero to } in. 
were an attempt to simulate site conditions, for the 
normal structural tolerance of ; in. cannot be 
guaranteed because of such factors as over-rolling of 
the stanchions and inaccuracies in measurement. 

The few weld failures which did occur were all near 
a tension flange and happened at moments which were 
always appreciably greater than the full plastic momeni 
of the beam, based on a yield stress of 15-25 tons/sq.in. 
It is more than likely that most of these weld failures 
would not have occurred if the absence of lateral 
support had not led to twisting and secondary bending 
action about the minor axis of the beams at the later 
stages in the tests. This secondary bending undoubted- 
ly resulted in more critical loading conditions than 
would have been allowed to develop in an actual 
structure 


Test Results 


Group 1: Specimens A and B (Figs. 2 and 3) 

These two preliminary tests were carried out to 
determine the general suitability of the beam-to- 
stanchion connection and the efficiency of the test rig. 

Specimen A had 3 } in. web stiffeners, i.e., each 
approximately equal to the area of one half of the 
flange of the beam, and they were cut to shape by a 
profile burner. No attempt was made to achieve a 
perfect fit by careful fitting and machining. On the 
compression side the stiffeners were fixed in position 
by continuous + in. fillet welds but on the tension side 
the stiffener-to-flange welds were increased to } in. 
fillets. The angle cleats were attached to the stanchion 
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by 7 in. fillet welds. The beams were bolted to the 
cleats and there was 7 in. end clearance which was 
maintained during welding by means of small shims. 
The flange-to-stool cleat welds were ¥ in. fillets, web- 
to-stanchion welds 3 in. fillets, and flange-to-stanchion 
welds ;% in. fillets. 

Specimen B was of the same basic construction, but 
there were a few small modifications. These were an 
increase in the size of the flange-to-cleat welds from 
fy in. to ~ in., a decrease in the flange-to-stanchion 
welds from ; in. to 4 in., and a reduction in the 
diameter of the securing bolts from } in. to § in. 

The moment/deflection curves shown in Fig. 6 are in 
close agreement throughout, and both joints proved 
themselves capable of transmitting appreciably more 
than the theoretical full plastic moment of the beam 
section. This value was exceeded by 28° by specimen 
A, and 24°, by specimen B. These moments were 
accompanied by deflections of the order of { in. Both 
tests ended in the failure of one of the tensile welds in 
precisely the same way as in the previous series, i.v., 
the initial fracture started in the web-to-stanchion 
weld about | in. away from the root fillet of the beam, 
the crack then spreading along the inner flange weld 
and finally across the outer tension flange weld. It was 
therefore decided to modify the design of future 
specimens to overcome this tendency by continuing 
the tension flange weld down the web for a distance of 
3 in., as shown in Figs. 4 and 5. This small additional 
amount of weld metal was later found to be sufficient 
to prevent any recurrence of premature weld failure in 
the region of the root fillet. 
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The moment/deflection relationships during the 
early part of the tests are very good indeed and 
approximate closely to that of the ideal rigid joint. It is 
not until the theoretical full plastic moment has been 
reached and passed that any real departure from an 
almost linear characteristic is noticed. A certain amount 
of yielding was observed in the web stiffeners, those on 
the compression side being affected a little earlier than 
those on the tension side. The web of the stanchion 
showed little evidence of yield even at maximum load. 
The beams behaved entirely as expected, however, 
yield commencing firstly in the extreme fibres of the 
flanges and then spreading inwards until almost the 
whole of the web was stressed beyond the elastic limit. 

From the shape of the curves in Fig. 6 it is obvious 
that plastic hinges were formed at the ends of the 
beams. The 6x44 in. angle cleats undoubtedly 
stiffen the beams but this is an advantage because it 
means additional strength. As has previously been 
pointed out though, the real function of the cleats is to 
facilitate erection and their stiffening effect is not taken 
into account in the calculations. 

When the moment was increased beyond about 
1400 in. tons the specimens began to buckle slightly. 
That is to say the stanchion tended to twist, moving 
the inner ends of the beams horizontally and in 
opposite directions; the general effect being for the 
beams to take up the shape of a very elongated letter $ 
No practicable method of preventing this could be 
found, but such buckling action about the minor axis 
of the beams must mean that additional and in- 
determinate stresses are superimposed on an already 
highly stressed specimen. In an actual building frame 
the presence of secondary beams and a floor system 
would prevent such tendencies, but in any event this 
effect appears to have significance only at moments in 
excess of the theoretical full plastic value. 

Following upon the success of these two tests it was 
decided to proceed with a further fourteen specimens. 


Group 2: Specimens 1-7 (Fig. 4) 

All the specimens were fabricated by the same steel- 
work contractor in a structural workshop under quite 
normal factory conditions. The web stiffeners were 
3» } in. section with ¥ in. fillet welds all round on the 


She fillets 


Flange welds "Y" 
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compression side but with the stiffener-to-flange welds 
increased to } in. fillets on the tension side. These 
stiffener details were identical for all seven specimens. 
Every single joint was different, however, but the 
variations were Only in the actual beam-to-stanchion 
connection itself. The end clearance varied from zero 
to 4 in., the web welds from * to 4% in. fillets, and the 
flange welds from ¥% to § in. fillets, the various com- 
binations being shown in Fig. 4. 

Fundamentally, these seven specimens were the 
same as the preliminary specimens A and B. The basic 
principles of using fillet welds, stool cleats, and simple 
plate stiffeners were employed, the object being to 
determine the effects of variations in the beam-to- 
stanchion connections, keeping the web stiffeners uni- 
form throughout. 

The only significant change in design was the 
addition of weld metal to the web at the tension flanges, 
which has already been referred to. 

It must be emphasized that these beam-to-stanchion 
connections were welded under site conditions, i.e., 
the web welding was done in the vertical position and 
the inside of the tension flanges in the overhead posi- 
tion, all other welding being downhand. In other words 
the fabrication was carried out as realistically as 
possible. 

Testing revealed that all the joints behaved in a 
similar manner, giving results in close agreement. The 
moment/deflection curves plotted in Fig. 6 lie closely 
together, forming a narrow band which only begins to 
open out when the deflections exceed 0-6 in. The 
initial behaviour is extremely good and approximates 
closely to that of the ideal rigid joint, especially in the 
working range. Indeed even at the theoretical full 
plastic moment the deflections are only about 0-3 in., 
but as soon as the plastic hinges form there are big 
increases in deflection for comparatively small 
additional moments. 

It seems therefore that the material and standard of 
workmanship must have been uniform otherwise there 
would not have been such close agreement in the 
results. Secondly, the variations in weld size and end 
clearance do not appear to have any appreciable effect 
on the overall rigidity of the joint but they do have 
some influence on the ultimate strength. Specimen 5 
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was the only one to suffer a weld failure and this 
occurred at a moment of 1530 in. tons, which is 13°, 
greater than the theoretical full plastic value. 

This weld failure was not entirely unexpected 
because specimen 5 was one of the two joints with the 
minimum weld sizes of , in. and 4% in. fillets to the 
web and flange respectively. In general, it has been 
found that fillet welds with a throat area equal to the 
sectional area of the beam are able to transmit the full 
plastic moment. The fillet welds of specimen 5 were 
not equivalent to the section of the beam but they 
proved to be more than capable of developing the 
theoretical full plastic moment of the 16 x 6 in. x 50 Ib 
joist. 

Specimen 6 was a reproduction of specimen 5 but 
with 7 in. end clearance, and the joint proved to be 
entirely satisfactory. This might be accounted for by 
the extra weld penetration obtained by virtue of the 
fy in. clearance, but this fact cannot be firmly estab- 
lished by only two tests. What can be said, however, is 
that these weld sizes are the minimum necessary for 
developing the full plastic moment. 


Group 3: Specimens 8-14 (Fig. 5) 

This batch was fabricated by the second contractor, 
in the same conditions as specimens 1-7. In this series, 
the beam-to-stanchion connections were uniform 
throughout but the details of the stiffeners were varied. 
Every beam was given in. end clearance, as this was 
considered to be in line with normal structural fabri- 
cating practice, and the web and flange welds were 
fixed at ? and $4 in. fillets respectively. The stiffeners 
were all 3 in. wide but with thicknesses ranging from 
§ to { in. In addition, an attempt was made to deter- 
mine the effects of using very loosely fitting stiffeners, 
which were made to touch the web but had a clearance 
of rather less than 4 in. to the inside of the stanchion 
flanges. Full details are shown in Fig. 5. Unlike speci- 
mens 1-7, which were welded under site conditions, 
specimens 8-14 were rotated so that all the welds could 
be laid in the downhand position. 

When tested, all seven specimens proved themselves 
more than adequate to the task of transmitting the 
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theoretical full plastic moment of the 16 x 6 in. x 50 Ib 
joist. In fact the smallest moment required to produce 
a weld failure was 1650 in. tons, which exceeds the full 
plastic value by 22°. This particular weld fracture, 
which occurred in specimen 13, was accompanied by 
a deflection of only 0-5 in. and was due to the fact that 
part of one of the tension flange welds was rather under 
size. Weld failures also took place in specimens 9 and 
11 but at the considerably higher moment of about 
1860 in. tons. At this higher moment there was 
appreciable secondary bending about the minor axis 
of the beams owing to the absence of lateral restraint, 
and it is certain that this factor was largely responsible 
for the weld fractures. For instance, it was noticed 
that one weld failure started near the toe of the tension 
flange of the beam on the side where the two principal 
tensile stresses were additive. 

Considering tests 8-14 as a whole it is very notice- 
able that all seven moment/deflection curves stay close 
together throughout the whole range. This is partly 
because all the beams were from the same rolling, but 
the really interesting feature is that the variations in 
stiffener sizes and degree of fit do not seem to have had 
any significant effect on the overall rigidity of the joint. 
This is perhaps a little surprising but nevertheless it is a 
comforting conclusion, for it means that a certain 
degree of latitude can be allowed in the design of 
stiffeners and more especially in the workmanship also. 


Summary of Experimental Results 


The first cracks in the shiny surface of the resin 
invariably took place in the extreme fibres of the 
tension flange near the face of the stanchion. These 
cracks began to spread and were quickly followed 
by similar cracks in the compression flange near the 
angle cleat. Further loading caused the yielded zones 
to spread inwards towards each other until almost the 
whole of the resin had flaked off the web of the beam, 
except quite close to the stanchion where the section 
was stiffened by the angle cleats. All this quite natural 
behaviour was entirely as predicted and calls for no 
further comment. 

It was most noticeable that the stanchion and 
stiffeners showed hardly any signs of yield at any stage 
during the test. As the loads were balanced, the 
stanchion web did not have to take an out-of-balance 
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shear force, so it is not really surprising that that part 
of the joint showed little sign of distress. The stiffeners 
were designed to take the forces in the flanges of the 
beams but it was obvious that these loads had been 
spread by the fillet welds and stool cleats into adjacent 
parts of the stanchion. This feature is most desirable 
because a stanchion may be subjected to high axial 
Stresses in addition to such transverse loading. This 
distribution of stress was one of the reasons for the 
selection of fillet welds rather than butt welds. 

As in the previous series of tests* it was again very 
significant that the angle of weld failure did not even 
approximate to the generally accepted figure of 45°. 
The tension flange of the beam was pulled away from 
the face of the stanchion taking with it only a very 
small quantity of weld metal, giving a plane of failure 
almost at right angles of the axis of the stanchion. This 
plane of failure obviously has a bigger area than the 
45° throat and provides further evidence to support 
the argument in favour to the adoption of unequal 
sided fillet welds for this type of stress distribution. 

Looking at the experimental results, it is obvious 
that every joint was more than capable of trans- 
mitting the theoretical full plastic moment of a 
166 in. x 50 Ib RSJ. The only weld fracture which 
can be described as somewhat premature is that of 
specimen 13, but this is easily accounted for by a 





*See earlier footnote (p. 368) 


slightly undersize weld. Specimens A and B failed 
before the deflection had become large but this was 
remedied in subsequent tests by the local increase in 
the size of the web-to-stanchion welds adjacent to the 
root fillets on the tension side of the beam. Even speci- 
mens 3 and 4, which had } in. end clearance, did not 
suffer weld fracture and behaved quite as well as, if 
not better than, some joints with 4 in. or even no end 
clearance. 

As far as rigidity is concerned the moment/deflection 
characteristics shown in Fig. 6 are so close together in 
the working range that it is virtually impossible to 
distinguish between them. This is quite remarkable 
when one considers the variations in weld sizes, 
stiffener thicknesses, and end clearances which were 
incorporated in this range of sixteen test specimens. 
Not only were there slight differences in the basic 
design but the fabrication and welding was carried out 
in different workshops using steel from different 
rolling mills. In spite of all these variables, the test 
results were very consistent and everything points to 
the conclusion that the fundamental design is satis- 
factory and that slight discrepancies in workmanship 
and assembly are not likely to prove dangerous. 

From the moment/deflection curves of Fig. 6 it is 
apparent that the beams used in tests 4, B and 8-14 
had a higher yield stress than that of the beams used 
in tests 1-7. These two main groups are shown as 
separate collections of curves which form narrow bands 
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at deflections greater than 0-3 in. but almost coincide 
in the elastic range. 


Conclusions and Recommendations for Design 


All these specimens were to the same basic design 
and had invariable beam and stanchion sections. The 
loading was symmetrical and equal in all cases. There- 
fore the following conclusions are strictly true only for 
beam-to-stanchion connections which are similar in 
all respects to those tested. Further work will have to 
be undertaken to cover non-symmetrical loading con- 
ditions and perhaps also other combinations of beam 
and stanchion sizes. In spite of these restrictions it is 
considered that the following recommendations will 
be of some value to practising structural engineers. 

(1) If a beam-to-stanchion connection is designed 
according to the details shown in Fig. 5, and the throat 
areas of the fillet welds are made equal to or greater 
than the corresponding sectional areas of the joist, the 
connection will safely transmit the theoretical full 
plastic moment of the beam. But there must be a local 
increase in the size of the weld joining the web to the 
face of the stanchion adjacent to the root fillet on the 
tension side of the beam. 

(2) Variations in end clearance of up to } in. do not 
seem to have any effect on the sizes of fillet weld 
required. Since only two tests were carried out on con- 
nections having } in. gap it is probably desirable to 
add , in. to the size of all fillet welds if the end 
clearance exceeds in. 
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(3) Each web stiffener should be half the width of 
the flange of the beam and approximately the same 
mean thickness. 

(4) The web stiffeners should be carefully made but 
they do not have to fit exactly to the stanchion profile. 
The stiffeners should be in contact with the web of the 
stanchion but a local clearance of not more than 4, in. 
between flange and stiffener is quite acceptable. 

(5) Stiffeners in compression may be positioned by 
continuous }, in. fillet welds. 

(6) Stiffeners in tension must have flange welds 
equal to those which connect the beam to the stan- 
chion. The web welds require to be only # in. fillets. 


Acknowledgments 


The work described in this report was carried out at 
the Engineering Laboratory, Cambridge University, 
under the direction of Professor J. F. Baker, Head of 
the Department of Engineering. It forms part of a 
general investigation into the behaviour of steel 
structures in the plastic range being carried out at 
Cambridge with the support of the British Welding 
Research Association. 

The willing co-operation of Mr. M. F. Palmer and 
Mr. H. A. Cadwell, together with their respective 
companies Joseph Westwood and Co. Ltd., and 
Edward Wood and Co. Ltd., is gratefully acknowledg- 
ed. They were not only responsible for undertaking the 
fabrication of specimens | to 14, but also made a 
number of valuable suggestions. 





B.W.R.A. REPORT OF COUNCIL FOR 1958—59 


The Fourteenth Annual Report of the British Welding Research 
Association, covering the period 1958-59, has been distributed to 
members. A brief summary of some of the more interesting items is 
given in the following pages, together with extracts from reports of the 


activities of the research committees. 


some of the difficulties facing the Association, which 

serves more than 20 different industries. Each of these 
industries has specific welding problems which need 
investigation, and it is inevitable that the Association 
should maintain its research activities on a broad basis to 
serve all its members. 

At the same time, members of the staff produce papers 
and give lectures, particularly in connection with the 
School of Welding Technology of the Institute of Welding: 
they also serve on technical committees of Government 
departments, the Institute of Welding, other professional 
institutions, and the British Standards Institution. 

While the Council welcomes this pressure on the staff as 
evidence of confidence by industry in the Association's 
work, it expresses concern that the orderly and uninter- 
rupted progress of research work can no longer be assured, 
unless sufficient funds for the necessary expansion are 
available. 

The programme for the coming five years lists over 50 
major projects, including current researches, which will 
cost an estimated £1,000,000. This means that the Associa- 
tion will need an annual income of £225,000 — £250,000. 
It is hoped to obtain this by £105,000 from industrial 
subscriptions from members, by £69,000 from the D.S.LR.., 
and by £50,000 — £75,000 from non-grant earning sources 

To qualify for the increased grant aid from D.S.I.R. the 
Association must be assured of the industrial income of 
£105,000, so the Council is appealing to all members and 
prospective subscribers to make the programme possible. 


T= Fourteenth Annual Report of the Council outlines 


New Council 


The Council is particularly gratified that Sir Charles 
Lillicrap, K.C.B., has agreed to serve for another year as 
President; and that Sir Donald Bailey, O.B.E., has been 
persuaded to serve as a co-opted member of Council. 

A list of current officers and members of Council is 
published each month in the front section of the British 
Welding Journal 


Membership 


The continued interest in the Associations’ work and the 
services it offers is reflected in the increase of membership; 
during the year thirty-five new members have been 
elected. 


Co-operation with Other Organizations 


The friendly and mutually advantageous co-operation 
with the Institute of Welding, in publishing and educational 
activities, and the collaboration with several metallurgical 
and engineering associations is now firmly established. 
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Organizations which deserve special mention are: the 
Aluminium Development Association; the British Con- 
structional Steelwork Association; the British Iron and 
Steel Federation; the Copper Development Association; 
the Gas Plant Manufacturers Development Council; 
Pametrada; the Shipbuilding Conference; the Tank and 
Industrial Plant Association; and the Water-Tube Boiler- 
makers’ Association. 

The Council also acknowledges with gratitude the 
friendly collaboration from other research organizations 
and universities, particularly the British Iron and Steel 
Research Association, the British Non-Ferrous Metals 
Research Association, the British Shipbuilding Research 
Association, the Universities of Birmingham, Bristol, 
Cambridge and Durham, the Imperial College of Science 
and Technology, Manchester College of Technology, 
University College Swansea, and University College 
Cardiff. 

There is a special indebtedness to the Department of 
Scientific and Industrial Research, whose staff spare no 
effort in helping and giving constructive advice. 

Friendly co-operation continues with the Admiralty, and 
there is exceptionally useful collaboration with the Ministry 
of Supply on general matters of common interest and on 
sponsored researches. The Council also acknowledges the 
helpful support from the Atomic Energy Authority on 
welding problems associated with reactor construction. 

The availability of an organization with specialist 
scientific staff and experimental facilities, capable of 
tackling when needed urgent and often very intricate 
welding problems, is a national asset, and the Council is 
sure that this fact is fully appreciated by Government 
departments, the public corporations, and the associations 
representing manufacturing interests. 

It also feels confident that the growing appreciation of 
the importance of this function, coupled with the valuable 
contribution the Association is making towards the solu- 
tion of welding problems, will encourage these bodies, and 
members generally, to provide the Association with the 
additional money, which with the increased total D.S.1.R. 
grant of £69,000, will enable it to attack the long list of 
outstanding problems which remain unsolved only because 
there are no funds for their investigation. 


Priorities Assessment Survey 


A statement has been circulated to members, outlining 
more than 50 major problems, and asking members to 
indicate those in which they are interested and to measure 
their relative importance by means of a points system. 

The result of this survey will provide useful information 
for the Council and the Research Board in allocating the 
available funds, which are not sufficient to meet wholly the 
number of problems requiring investigation in the imme- 
diate future. 





B.W.R.A. REPORT OF COUNCIL FOR 1958-59 


Finance 


The income for the year was £156,995 and the expenditure 
amounted to £170,335, with a capital expenditure of 
£22,186 on buildings and equipment. Future capital 
expenditure to enable the Association to prosecute the 
present research programme successfully is estimated at 
£145,000, and it will be obvious from this, and the limited 
reserves of the Association, that a substantial increase in 
income will be necessary over the next few years. 


Publications 


During the year 49 research reports, booklets, and 
translations of reports on research carried out abroad, 
mainly in Russia, were sent to members. The regular 
translation of the Russian periodical ‘Automatic Welding’, 
for which special financial aid has been obtained from the 
D.S.1.R., is being distributed to members and other inter- 
ested persons in the Commonwealth, the U.S.A., and 
Western Europe for an annual subscription of £10 10s 0d, 
and plans have been made for similar regular translation 
of another Russian journal “Welding Production’. 


Consultative and Advisory Service 


The range and number of problems submitted during the 
year have been greater than ever before, and there has been 
a steady increase in the number of visitors to the labora- 
tories and to the advisory section in London for the dis- 
cussion of welding problems. There have been many 
enquiries relating to the design of welded structures, often 
resulting from fatigue failures. It is an encouraging sign 
that more prototype designs are being submitted for 
criticism. 

There is an increasing awareness of the need for early 
consultation with experts in design problems. and it is the 
intention of the Association to meet this need as soon as 
the necessary funds become available. It is hoped to start 
a new design service that will, among other activities, be 
able to translate the results of research into practical 
industrial applications. 


Research 


The structure of the reorganized research committees 
is shown in the accompanying table. During the year four 
committees that had completed their projects were dis- 
banded. They were: A2 — Non-destructive methods for the 
examination of welds; B3 — Projection welding of steel; 
D1 — Load-carrying capacity of frame structures; and D3 - 
Advisory Panel on pressure vessels for the IIW Commission 
XI. 

Some details of the progress in research is given in the 
following four sections: researches completed, researches 
in progress, those being planned, and work supported at 
Universities. 


Completed Researches 


(1) Investigations into gas shielded welding have 
produced much new information on the influence of power 
source, welding speed, and current in the CO, welding of 
sheet materials and steel. The use of nitrogen/argon 
mixtures has been found to be beneficial in the welding of 
copper. 

(2) It has been concluded from investigations into 
hot-cracking of mild and low-alloy steel weld metal that 
no simple test can cover all the variations possible, and 
instead limits for the weld metal composition have been 
specified. On the other hand, liability to cold cracking or 
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fissuring, which is related to the rate of cooling of the weld, 
the longitudinal weld restraint, and the presence of hydro- 
gen, can be determined from microscopic examination of 
beads laid on the appropriate plate. 

(3) Continued studies on brittle fracture problems using 
in particular the ‘wide plate test’ have shown that the stress 
at which fracture occurs is dependent on the type of 
electrode used. With rutile electrodes the fracture stress is 
surprisingly low but any cracks are limited in extent. Low- 
hydrogen welds resist fracture up to high levels of stress, 
but because of the larger amount of energy available for 
propagation, cracks once started are more liable to continue. 

Examination of steels has shown that microstructures 
have a significant influence on the transition temperature. 

(4) The welding of high-strength aluminium alloys has, 
in the past, been considered to be an impossibility, because 


RESEARCH BOARD 
| 


Advisory Committee 


FUNDAMENTAL RESEARCH 


Al Arc welding process characteristics 





eee GROUP A 


A3 The fundamentals of resistance welding and 
test methods 


A4 Oxygen cutting 
— GROUP B FERROUS METALS 
Bl The welding of mild steel 
The welding of low alloy steels 
The spot and seam welding of heat-resisting 
alloys and steels 
The welding of 
austenitic steels 


chromium nickel and 


The influence of residual stresses in welded 
structures 


Investigating the brittle fracture of 3-in. 
thick steel plate 


p= GROUP C NON-FERROUS METALS 
Cl =| Welded medium strength aluminium alloys 


c2 The welding of high-strength heat-treatable 
aluminium alloys 


c3 The arc welding of copper 
C4 Welding of titanium and its alloys 


cs Welding of aluminium bronzes 





— GROUP D ENGINEERING APPLICATIONS 


D2 The effect of defects on the fatigue strength 
of butt welds in mild steel plate 


D3 Stresses in welded pressure vessels 


D4 Strength of openings in welded storage 
tanks 

D6 Reclamation of shafts by welding 

D7 Fatigue testing of welded structural details 


D8 The influence of locally induced residual 
stresses on the strength of welded structures 





376 


of the low strength and brittleness of the welds. A suitable 
filler alloy has now been developed (Cusil 73) for joining 
the H.14 and H.15 alloys in certain applications. 

(5) The effects of atmospheric contamination in 
titanium welds have been studied and permissible levels 
have been determined. It has also been shown that surface 
contamination seriously reduces bend ductility. 

(6) Considerable progress has been made on investiga- 
tions of the fatigue properties of welded components. 
Comparative tests under alternating bending of as-welded 
and stress-relieved pipe butt welds showed that heat- 
treatment provided no improvement in fatigue properties. 

Box sections, fabricated by various methods of welding, 
and of particular interest to the motor industry, have been 
tested in torsional fatigue. Spot welding has been found 
to be quite satisfactory, but the low strength of inter- 
mittently welded fillet joints indicates that continuous 
automatic welding of these thin gauge members would be 
preferable. 

Work that has continued on the fatigue strength of 
transverse butt welds in mild steel shows that the reinforce- 
ment shape has a considerable influence on strength. It 
appears that the method of edge preparation and stress- 
relief treatment have little influence on the fatigue strength 
of the specimens tested. 

(7) The Association has continued to expend consider- 
able effort on work aimed at improvement of design 
methods for welded pressure vessels. Further tests on 
branch connections show that reinforcement is not neces- 
sary for thick vessels working at current levels of stress. 
It has also been found that a short tubular rim is sufficient 
to reinforce the manhole openings to oil storage tanks. 
Fatigue tests on nozzle details have clearly shown that 
present-day working pressures under these conditions 
could be increased, or reinforcement dispensed with. 


Researches in Progress 

(1) Theeffects of wire diameter, arc voltage, and shield- 
ing gas on metal transfer in the welding of steel have been 
studied. This work will enable the loss of additions to the 
filler wire across the arc to be determined with greater 
accuracy. 

Similar experiments on the aluminium arc have resulted 
in the development of a torch for fine-wire welding, and in 
a greater knowledge of the arc characteristics. 

(2) The post-heating of spot welds in quench hardening 
Steels greatly increases their ductility, but the selection of 
the most suitable machine settings has not been easy. The 
development of a suitable test specimen and micrographic 
investigations have provided useful information from 
which the most suitable treatment can be predicted. 

Preliminary work on the spot and seam welding of heat- 
resisting materials has given useful information on the 
optimum welding conditions and room-temperature 
properties of welds in the chrome-bearing alloys and steels. 
Further work is to be done at elevated temperatures. 

(3) It is hoped that fundamental investigations of the 
properties of mild steel weld metals will lead to a better 
understanding of certain anomolous phenomena. The first 
tests are being made on the same materials but using 
different welding processes. Electron-micrograph studies 
have already shown a possible reason for the better yield 
properties of the weld as against similar wrought material. 
Although heat-affected zone cracking can be controlled in 
the welding of low-alloy steels, mainly by the use of low- 
hydrogen type electrodes, there is much yet to be learned 
of the effects of various alloying elements on weldability. 
The Association’s current work on this problem consists 
of an examination of a series of 16 steels specially selected 
to show the effect of alloying elements. At the same time a 
technique has been developed for introducing hydrogen 
into test specimens for dead-load rupture tests. A signifi- 
cant finding has been that specimens can be saturated with 
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hydrogen at 900°C. after a time of only 15 min. Cracking 
and fissuring in stainless steels is also being investigated by 
tension tests on fused spots as they are cooling from the 
molten state. These enable the temperature of cracking to 
be determined. High-temperature ductility is also being 
measured by means of torsion tests. 

(4) An important feature of a material in its resistance 
to brittle fracture is its ‘fracture toughness’. Experiments 
are being carried out to devise a test for measuring this 
factor on a small plate sample. Fracture initiation phe- 
nomena are also being studied. 

The 2000-ton thick plate test rig has been proved beyond 
its rated capacity and is now being used for tests on 3-in. 
thick plate. 

(5) A survey of current practice in the selection of filler 
alloys for welding low and medium strength aluminium 
alloys is being made so that the need for further work can 
be assessed. 

Data on the significance of weld defects are also being 
collected so as to relate radiographic appearance to mech- 
anical properties for control purposes. The relationship 
with fatigue performance may also be investigated. 

(6) Thin gauge zinc-deoxidized copper has been success- 
fully welded by the argonarc process, and experiments are 
being undertaken on the welding of phosphorus-deoxidized 
copper by the self-adjusting arc process using filler wire 
containing deoxidants. 

(7) The self-adjusting arc process is also being used to 
study the welding behaviour of single-phase aluminium 
bronzes using duplex and single-phase filler wires. Corro- 
sion tests are being carried out on the welds. 

(8) The welding of zirconium, a metal of particular 
interest to the nuclear engineering industry, is being 
studied in relation to the corrosion resistance of argonarc 
and self-adjusting arc welds. A precision welding head has 
been constructed for self-adjusting arc welding, and the 
effect of arc voltage on porosity is being studied. 

(9) Although certain programmes of work on fatigue 
have been completed other essential investigations are in 
hand. Properties of various joints in medium-strength 
aluminium alloys are being determined for welds made by 
different processes. As with steel, the welding process 
seems to have less effect on fatigue properties than the 
surface condition of the weld. The high-strength materials 
are also to be investigated. Cladding appears to reduce 
strengths to about half that of the unclad material. 

The effects of various forms of defect and their degree on 
the fatigue strength of butt welds in mild steel plate are 
being systematically investigated so that non-destructive 
examination can be used with a greater knowledge of what 
defects are harmful. 

Repairs by welding are always subject to uncertainty in 
regard to their fatigue behaviour, and worn shafts built-up 
by welding often fail relatively soon after repair The 
Association is co-operating with the IIW in a general 
investigation of this problem. 

The absence of reliable guidance on the dynamic 
behaviour of welded structures and structural connections 
has prevented a more economical use of this form of 
construction. The Association is attempting a limited 
programme of work on the fatigue behaviour of stiffeners 
welded to the tension flanges of girders and a comparison 
of the fatigue properties of welded mild steel and high- 
tensile steels. Useful information has already been obtained 
from preliminary experiments on spot heating to increase 
the fatigue strength of discontinuous longitudinal welds. 
There is direct evidence that induced stresses from spot 
heating or local compression can double the strengths of 
welds in both mild steel and aluminium alloys. 

An extensive programme of research is being conducted 
to determine the fatigue properties of thin-gauge welded 
heat-resisting alloys. 

(10) A digital computer is being used to calculate 
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stresses around branch connections in spherical shells with 
the object of providing design data. 

The resistance of connections between tubes and tube 
plates to fatigue failure is being investigated to establish 
more rational methods of design and to discover the most 
suitable disposition of the tubes. 

A special machine has been developed for applying 
pressure pulsations to welded joints in high-pressure 
piping. The tests will enable a comparison to be made 
between the efficiencies of various forms of joint and will 
indicate the permissible stress levels in an industrial 
installation. 


Future Researches 


(1) Though much fundamental work has been done on 
the physics of the arc, it needs to be correlated to provide 
guidance on fundamental principles. The metal transfer 
characteristics of wire in the inert-gas metal arc process 
will be determined for various materials and in as many 
gases as possible. 

(2) Low-alloy steels are being used to an increasing 
extent to replace the traditional mild steel for boilers and 
pressure vessels, and it is necessary to determine the suscep- 
tibility of these materials to fatigue cracking at branch 
connections. A simple test specimen is needed so as to 
compare behaviours with mild steel, for which full-scale 
pulsating tests have already been carried out. 

The stresses in branch connections in thin vessels under 
internal pressure are to be determined. When this is done 
the stress concentration factors for branch connections 
fitted to drums of three different ratios of thickness to 
diameter will be known. 

Gusseted pipe bends are a common form of construction 
and their resistance to failure under repeated loadings is to 
be measured. 

Work on the fatigue strength of welded aluminium alloys 
is to be extended to studies of the properties of the weld 
metal and heat-affected zones of the parent plate and of 
the influence of internal defects on fatigue strength 


Fitter MATERIALS 


OrvILLE T. BARNeTT, “Filler Metals for Joining’: New 
York, 1959, Reinhold Publishing Co.; London, Chap- 
man and Hall Ltd. ($7, 52s.6d.) 


This book has been written for use in America but it can 
be recommended as a reference book for British readers. 
It contains much useful and interesting information but it 
could have been improved by better editing. 

The book is free from serious technical errors and mis- 
prints although the illustration on page 15 is inverted. The 
index appears to be adequate and compensates for some 
deficiencies in the arrangement of the text. 

Many of the illustrations contribute nothing of value to 
the book, and some paragraph headings appear to have 
been inserted with insufficient regard for the subject 
matter. 

Opinion may be divided regarding the staccato style of 
writing in parts of the book but there can be no excuse for 
the frequent misuse of words. The meaning of some sent- 
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Researches at Universities 
Cambridge — Department of Engineering 

(1) The pioneering work on the plastic behaviour of 
continuous structures is continuing, and tests have been 
made to ascertain the ultimate behaviour of bolted and 
welded connections. Suitable weld sizes have been deter- 
mined for joining beams to columns, and the ability of 
preloaded high-tensile bolts to develop a sufficient moment 
of resistance to create plasticity in the beam has been 
demonstrated. 

(2) Tests on stanchions stiffened locally at beam 
intersections have shown that the empirica! design method 
for stiffeners in BS. 449 is adequate. 

(3) Local buckling of members in compression can 
reduce the full plastic moment available in the member in 
a continuous structure. A programme of tests has been 
initiated to determine the conditions under which such 
buckling can occur, especially with broad flange sections. 

(4) Full-scale tests on individual structures continues. 
One series on slender portal frames proved that strain 
hardening of the material during plastic deformation 
entirely masked the effect of the deformation itself on the 
predicted collapse load. 


Cambridge — Department of Metallurgy 

The influence of structure on absorption and distribution 
of hydrogen in a number of metals is being studied so as to 
provide more knowledge of the effect of hydrogen on the 
properties of welded joints. 
Swansea University College 

Rigidly jointed truss frames are continuous structures 
and should be amenable to treatment by the plastic design 
theory as soon as collapse characteristics are determined. 
A first series of tests has been made to establish the load- 
deformation characteristics of truss members in the plastic 
range, particularly those in compression. Some theoretical 
predictions for singly redundant trusses have been made, 
and these are to be verified from tests on frames with mild 
steel and light alloy struts. 


Book Review 


tences may be inferred from their context but by themselves 
they are nonsense: e.g., on page 9—‘Boiling water of 
course is not used for production, but it is a convenient 
way to obtain uniformity of results among different testing 
groups”. 

The extensive use of the A.W.S. electrode classification 
codes as paragraph headings has the disadvantage that a 
reader unfamiliar with this code must continually refer to 
the tables, most of which are printed so that the book must 
be turned sideways to read them. It would be better if they 
were printed to avoid the need to do this, or alternatively if 
the paragraph headings were extended to include the 
composition of the filler wire to which they refer. 

The footnote on page 18 should be made part of the 
introduction. 

In spite of these faults this book fulfils its purpose 
admirably and it is to be hoped that in its next edition the 
opportunity will be taken to eliminate its present faults. 

1. C. Fircu 
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News of the Institute and Branches 


B.W.R.A, 


and Industry 


INSTITUTE ACTIVITIES 
Honorary Officers and Council 
1959-60 


At the Annual General Meeting of the 
Institute, held at 54 Princes Gate on 16th 
July, 1959, the following Honorary Officers 
were elected unopposed 
President 

E. Seymour-Semper, M.I.Mech.f 

F.R.S.A., M.S. 
Vice-Presidents 


W. Barr, O.B.E R.T.C., F.1.M 


| 
E. Fuchs, M.A., A.M.I.Mech.f 
E 


Hon. Treasurer W Harriss 

The following were elected to represent 
the classes named in the ballot 
Ind. Corp. Members 

E. F. Burford, M.B.E 

N. L. G. Lingwood 
Fellows, Members, and Associate Members 

D. J. W. Boag; D. C. C. Dixon; 

E. P. S. Gardner; D. B. Kimber 
Companions 

J Hooper 
Associates 

A. Evitts 

Mr. Seymour-Semper is a Director of 
Hancock & Co. (Engineers) Ltd. A bio- 
graphical note appeared in the December 
1958 issue of the Journal (p.578) 

Mr. Barr is the Chief Metallurgist of 
Colvilles Ltd., and was recently elected 
President of the Iron and Steel Institute 


The following elections were made at the Council meeting of 


12th March 1959 


Other Societies 


Mr. Fuchs is Welding Engineer in the 
Alkali Division of Imperial Chemical 
Industries Ltd. 


Sir William J. Larke 


service to Sir William J. 
Larke, K.B.E., was held at St. Margaret's, 
Westminster, on 16th June last. Canon 
Michael Stancliffe officiated, and an address 
was given by the Archdeacon of Bromley, 
the Ven. R. G. H. McCahearty. The Bishop 
of Tonbridge, the Right Rev. Russell B. 
White, read the lesson 

The Institute of Welding was represented 
by the Secretary, Mr. G. Parsloe, and the 
British Welding Research Association by 
Mr. A. Robert Jenkins, J.P., Chairman of 
the Council, Dr. R. Weck, Director of 
Research, and Mr. A. O'Neill, Secretary. 


A memorial 


Library 


Miss Patricia Gray has been appointed 
an additional assistant in the Library. 


School of Welding Technology 


The following is a list of Courses to be 
offered at the School from September 1959 
to March 1960. All Courses to the end of 
October are fully booked and have waiting 
lists; very early application is recommended 
for the later Courses 


ELECTION OF MEMBERS 


(Middlesbrough); R. 
Leach 


(Salford); TR. 


My 


1959 

22nd-30th Sept. D.17 
for Welding Engineers 

12th-16th Oct. D.1 2 
Construction of 
Pipework 

26th-28th Oct. 
tortion 

29th-30th Oct. D.13 1 
and Stress Relief 

9th-13th Nov. D.2 |—Welded Design and 
Construction in Aluminium Alloys 

23rd-27th Nov. D.10 1—Welding in Ship- 
building 

7th-lith Dec. D.5 2 
ing 


Advanced Course 


Welded Design and 
Pressure Vessels and 


D.12 1—Control of Dis- 


Residual Stresses 


Inspection and Test- 


1960 
4th-15th Jan. D.27 
for Operators 
25th-29th Jan. D.4 | 
8th-12th Feb. D.22 
Energy Plant 
22nd-25th Feb. D.28 
Management 
7th-lith March. 
Welding 
2ist-25th March. D.6/2—Welded Design 
and Construction in Corrosion- and 
Heat-Resisting Materials 


Practical Ultrasonics 


Resistance Welding 
Welding of Atomic 


Welding for Junior 


D.11/1—Inert-Gas Arc 


Lawson (Newcastle on Tyne); *P. E. 
V. Leicester (Peterborough); tJ. W. 


Members 


J.L. Roberts (Newcastle on Tyne): G. R. Rotchild ( New Jersey, 
USA): *S. Hong Sung (Hong Kong): L. Van Ouwerkerk 
(Rotterdam, Holland); R. J. Barber (Widnes); TE. P. Boddaert 
(Montreal, Canada); J. C. Borland (Stapleford): J. A. Briggs 
(Wakefield); F. C. Brown (Leeds); A. Bunting (Gillingham); 
tG. H. Capell (Broadwell-on-Sea); [G. F. Charge (Enfield); 
'G. Coates (Knutsford); D. W. Dighton (Rochester): tH. S. 
Drew (Tipton): tA. L. Fishwick (London); F. Fountoulis 
(Athens, Greece); *R. J. Gardener (Hockley); E. N. Gregory 
(Enfield); §A. J. H. Griffiths (Wolverhampton); F. P. Hahn 
(Middlesbrough): A. E. Hardy (Leeds); R. E. Hind (Bishop- 
thorpe); R. I. Hixon (Swansea); G. Holmes (Warsley); R. D. 
Johnston (London): R. A. Kirkin (Lee-on-Solent); R. Knott 


Mackinnon (Paisley); V. Manickam (Bangalore, India); {J. J. 
Maye (London); D. G. McCallum (Esher); D. Murdoch 
(Cheadle Hulme); tL. N. Sayer (Birmingham); B. Yuen-Juang 
Shen (Hong Kong): J. F. Simpson (Leeds); A. Standeven 
(Manchester); tD. B. Tait (Wolverhampton); L. Taylor (New- 
castle on Tyne); R. J. Towler (Banstead): *D. Whitehead 
(Rainford); R. Williams (Dronfield); *R. L. Wright (Eastleigh) 


Companions 


A. N. Anderson (Kingston, Jamaica); {M. Clarke (Chelms- 
ford); T. Hughes (Workington); E. Ingham (Leeds); K. R. 
Jefferson (Gateshead): S. Lumley (London); J. Macintyre 
(Kilbarchen); A. T. Marriot (Dore); E. V. Oliver (Woking); 
N. Smith (Canterbury); R. F. Stevens (Kirkuk, Iraq); D. D. 
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Taylor (Downfield, Dundee); J. Tod (Wrexham); fA. V. 
Valentine (Cardington); TK. W. Wagstaff (Eastbourne). 


Graduates 


J. M. Allcock (Toddington); T. B. Singh (Calcutta, India); 
H. A. Davies (Newport); F. D. Duffin (Belfast); J. Frey (Man- 
chester); C. E. P. Harrison (Bristol); D. S. Honavar (Bombay, 
India); A. Hurst (Sheffield); W. J. L. Oiiphant (Peterborough). 


Associates 
R. Banks (Horwich); A. C. Blower (Shildon, Co. Durham); 
G. P. Browning (Bebington); J. E. Carter (Horwich); J. Connor 
(Widnes); S. Copley (Doncaster); D. Cunliffe (Jericho, Bury); 
K. D. Farrant (Llanharry); E. F. Ferris (Plymouth); L. France 
(Atherton); W. H. Gallaghan (Hull); J. H. A. Godwin (Abbot's 
Langley); N. T. Gutteridge (London): J. Hill (Manchester); 
H. Homfray (Marlow); R. Horne (Calcutta, India); J. F. 
Hunter (Glasgow); N. B. Livsey (Barnoldswick); B. McLean 
(Glasgow); N. J. Mullen (Dublin); T. J. Murphy (South- 
ampton); J. H. O’Connor (Glamorgan); C. H. Oldham (Swan- 
sea); A. J. Packer (Southampton); W. J. Penny (Eastleigh); 
W. G. Rhodes (Dartford); C. J. Summerhill (W. Bromwich); 
G. C. Tuffley (Lincoln); A. R. Walker (Corby); R. E. Warner 
(Stockingford); C. E. R. Watler (London); G. Watson (Cowpen, 

Blythe); T. G. Woods (Coatbridge). 


The following elections were made at the Council meeting of 

4th June 1959: 
Members 

T. Storey (Stockport); D. Stuart (Sale); P. D. Blake (Bishops 
Stortford): R. J. Foster (Betchworth); M. F. Jordan (New 
Barnet); *B. K. Mitter (Bhopal, India); L. Nekanda-Trepka 
(Warsaw, Poland); H. J. Nichols (Monwerille, USA); *W. E. 
Springer (Ontario, Canada). 


Associate Members 


M. M. Ghosh (London) ;J. M. Gibson (Newcastle on Tyne); 
F. D. Goodman (Woking); tH. A. Harrison (Middlesbrough); 
G. E. James (Cardiff); J. W. Jeffrey (Blackpool); R. Liversedge 
(Flixton); H. J. Manners (Bristol); J. Marshall (Dudley); 
P. A. Masters (Portbury); F. Monaghan (Leigh); J. W. Morgan 
(Bristol); J. Morton (Sunderland); A. W. Parsons (Upton) 
F. W. Pillinger (Norton); J. T. Robertson (Sevenoaks); C. D. 
Ryder (Liverpool); tW. Schofield (Horwich); D. H. Scott 
(Berkhamsted); A. W. Thorne (Wolverhampton); P. H. Titman 
(Leeds); A. R. Woodward (Banbury); [A. W. Marshall (Edin- 
burgh). 


Companions 
G. C. McAsey (Liverpool); {W. Mullen (Eastleigh); D. G. 


Raymond (Stanford-le-Hope); N. H. Townend (Codsall); 
N. Tristram (Rochester). 


Graduates 


B. Cartwright (Sheffield); R. C. Chopra (Calcutta, India); 
M. J. Siverns (Bilston); D. B. Wimpenny (Runcorn). 


Associates 


N. D. Ashton (Bolton); G. E. Barnes (Edmonton); E. J. 
Chillingworth (Enfield); J. L. Clelland (Coatbridge); W. G. 
Cooke (Stoke-on-Trent); S. K. Das (Calcutta, India); C. H. 
Goodman (Birmingham); G. T. Hill (Rhuddlan); D. Jewsbury 
(Enugu, E. Nigeria); M. Penson (Wolverhampton); C. J. Piper 
(Potters Bar); J. Roy (Blaydon-on-Tyne); H. A. Russell 
(Brentwood); L. A. Sullivan (Barking); G. E. Whalley (Church, 
Accrington); P. F. Woods (Birmingham). 


Industrial Corporate Members — Class 1 
Civil Engineer-in-Chief’s Department, Admiralty (Pinner); 
Director General of Weapons, Admiralty (Bath); Ship Depart- 
ment, Admiralty (Bath); Metallisation Limited (Dudley); Metal 
and Plastic Coatings Association (London). 
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I. Abernethy (London); tD. G. Claydon (Drayton); G. V. 
Davies (Shirley); S. C. Dey (Assam, India); J. J. Doyle (Glas- 
gow); G. G. Edmonds (Birmingham); §R. H. Edwards (Porth- 


cawl); tJ. Foster (Glasgow): §J. W. Gethin (Wolverhampton); — § Transfer from Companion 


MEETINGS 
Electroslag Welding 

A half-day meeting to discuss various 
aspects of electroslag welding will be held 
at the offices of the Institute on the after- 
noon of Thursday, Ist October 1959. 

The following have offered to contribute 
papers, which will be published in the 
Journal: 

D. W. J. Boag and W. K. B. Marshall of 

Rockweld Ltd 

J. A. Lucey of Quasi-Arc Ltd. 

A member of Fried. Krupp Maschinen- 

fabriken, Essen 


Annual Dinner 


The Annual Dinner of the Institute will 
be held at the Park Lane Hotel on Wednes- 
day, 4th November 1959. 

The guests of the Institute will include 
some 40 members of the French Society of 
Welding Engineers who are joining in the 
Autumn Meeting. This is being held from 3rd 
to 6th November, with the subject of Quality 
Control in Welding. 


NEWS OF MEMBERS 


C. C. Bates, Technical Director of Weld- 
ing Supervision Ltd., has been appointed a 
Director of the associate company Cathodic 
Corrosion Control Ltd. 

Walter Swire, Consulting Engineer, has 
changed his office address to 30a Carlton 
Street, Leeds 2. (Tel.: Leeds 30321 and 
671649.) 








R. Noble has recently taken up the post 
of General Manager with the Northern 
Welding Co. Ltd., Northampton. Before 
moving from Sheffield to take up this 
appointment he was an active member of 
the Sheffield and District Branch Com- 
mittee. 

A. E. Attwell, was recently appointed 
Works Superintendent with the Quesnell 
Manufacturing Co. Ltd., British Columbia. 

C. H. Bentley, a companion now attached 
to the South London Branch, recently left 
the employment of Cooper & Turner Ltd., 
of Glasgow, to take up an appointment 
with The English Electric Company, and 
will be responsible for the Company's 
welding activities in London and the South 
East. 

R. G. C. Stephenson has been transferred 
to Australia as Managing Director of The 
Commonwealth Industrial Gases Ltd., in 
Alexandria, New South Wales. 

A. A. Smith, a Principal Scientific Officer 
of the British Welding Research Association, 
has been seconded to the DSIR by the 
Association. He recently left for the USA 
to take up a temporary appointment with 
the United Kingdom Scientific Mission, 
1907 K Street, N.W., Washington 6, D.C. 
Mr. Smith will be studying mechanized 
welding techniques in the USA, with special 
attention to gas-shielded metal-arc welding. 

R. Williams (Assoc. Mem., Manchester 
Branch) has recently taken up an appoint- 
ment as assistant manufacturing Welding 
Engineer with Metropolitan-Vickers Elec- 
trical Co. Ltd., Trafford Park, Manchester. 

E. M. Wilson (Assoc. Mem., South 


+ Transfer from Graduate 


* Transfer from Associate-Member 


+ Transfer from Associate 


Western Branch) has now left Aluminium 

Laboratories Ltd., Banbury, and holds the 

post of Assistant Welding Engineer with 

Bristol Aerojet Ltd., Banwell, Somerset. 
Obituary 

The Council regrets to record the deaths 
of the following members: 

A. A. J. Mitchell (Tyneside Branch, 
Associate 1945). 

T. R. Edwards (Wolverhampton Branch, 
Associate 1950). 

J. A. Matthews, Chief Engineer of the 
Eagle Star Insurance Co. Ltd., Engineering 
Dept. (South London Branch, Member 
1943). 

Frank Brown on 26th March (Member 
1945, West of Scotland Branch). 


CONTRIBUTOR TO THE 


JOURNAL 

Sidney Wise, A.M.1.Mech.E., is a Senior 
Scientific Officer in British Railways 
Research Department at Derby. 

He was educated at the Sloane School, 
Chelsea, and at Crewe Technical College, 
and later at the Manchester College of 
Technology. After he had received training 
as an Engineering Apprentice at the Crewe 
Locomotive Works of the then London, 
Midland, and Scottish Railway he was 
appointed Assistant to the Welding Engin- 
eer in 1938. Three years later he became 
Assistant to the Works Metallurgist. 

In 1944 Mr. Wise joined the Research 
Station of the Southern Railway at Ashford, 
as Senior Technical Assistant to the Chief 
Mechanical Engineer. In this position he 
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was responsible for welding development 
and control, non-destructive testing, and 
various engineering and metallurgical in- 
vestigations. He was appointed Scientific 
Officer after the Station had become the 


Sidney Wise 


Research Department of British Railways 
at Ashford, in 1951, and was concerned 
with various investigations into rolling stock 
problems 

Mr. Wise took up his present position in 
the Engineering Division at Derby in 1953, 
and is in charge of the Properties of Materi- 
als Group, which is principally concerned 
with problems of fatigue in railway engin- 
eering 


BRANCH NEWS 


Branch Secretaries 

For the benefit of members who may wish 
to attend meetings at branches other than 
their own, or to make contact with other 
members we give the following list of Hon- 
orary Secretaries and their addresses 


Birmingham 
J. R. Merther, A.M.I.Mech.E., 9 Brook 


Street, West Bromwich, Staffs. (Tel 
Broadwell 1500.) 


Eastern Counties 
W. Hearsum, 45 Bucklesham Road, 
Ipswich. (Tel.: Ipswich 78989.) 


East Midlands 
K. Houghton, B.Sc., 
Shirley Road, Leicester 


East of Scotland 
R. D. Berry, 13 Craig's Gardens, 


Edinburgh 2 


India 
B. N. Majumdar, co Association of 
Engineers, 24 Netaji Subhas Road, 
Calcutta | 

Leeds 
M. W. Parkinson, 1106 Leeds Road, 
Woodkirk, Dewsbury 

Liverpool 
H. R. Cox, M.I.N.A., 21 Oaklands Drive, 
Bebington, Cheshire. (Tel.: Rock Ferry 
4242.) 

Manchester 
E. H. Lee, 349 Moorside Road, Flixton, 
Lancs 


M.1.Mech.E., 20 


North Eastern (Tees-side) 
F. G. Batchelor, 5 Dionysia Road, North 
Ormesby, Middlesbrough 


North Eastern (Tyneside) 
S. Nicol, Bolbec Hall, Newcastle on 
Tyne 


North London 
J. F. Gibbs, 927 Great Cambridge Road, 
Enfield, Middlesex. (Tel.: Enfield 8701.) 

Slough Section (N. London) 

J. F. Gallagher, 3 Hazel Grove, Staines, 
Middlesex. 

Preston 
R. Robinson, Daneham, Pope Lane, New 
Longton, Preston. (Tel.: Preston 56221.) 

Sheftield 
G. W. Cragg, Highcroft, 22 Lilly Hall 
Road, Maltby, Rotherham, Yorks. 

South London 
J. P. Moore, A.I.M., 110 Kingston Road, 
Teddington, Middlesex. (Tel.: Kingston 
1895.) 

Medway Section (S. London) 

P. Murrell, 21 Wayville Road, Dartford, 
Kent. (Tel.: Dartford 2920.) 

South Wales 
R. E. Phillips, 20 Bryn Road, Brynmill, 
Swansea. 

South Western 
G. R. Thomas, 2 
Bishop, Bristol 9. 


Southern Counties 
J. H. Gillespie, B.Eng., 12 Burlington 
Road, Southampton. (Tel.: Southampton 
24833.) 

West of Scotland 
H. H. Mackintosh, 144 St. Vincent 
Street, Glasgow C 

Wolverhampton 
J. W. Gethin, c’o John Thompson Ltd., 
Group Research Laboratories, Ettings- 
hall, Wolverhampton. 


Newcombe Drive, Stoke 





APPOINTMENTS 


Situations Vacant 


Applications are invited for the appointment 
of a Welding Engineer. A degree in engineer- 
ing or metallurgy, or equivalent qualifications 
is necessary, together with a sound know- 
ledge of modern welding technology covering 
all classes and types of welding encountered 
in the structural engineering industry. Over- 
all supervision of labour and negotiations 
with Trade Unions at shop floor level will be 
involved. Starting salary will be in accord- 
ance with the applicant's age and experience 
Applications giving full details of experience, 
which will be treated in strict confidence, 
should be addressed to 


The Works Manager 

The United Steel Structural Co. Ltd 
Frodingham Works 

Scunthorpe, Lincs 


BRISTOL AEROJET LIMITED 


Two Welding Development Engineers re- 
quired to join a specialized team engaged on 
development and research into new tech- 
niques of welding 

Candidates should be of Higher National 
Certificate standard in Metallurgy or Engin- 
eering and have a sound basic knowledge of 
welding practice. Familiarity with inert-gas 
processes would be an added advantage 

Excellent Staff Superannuation Scheme; 
Housing Assistance and Removal Expenses 
will be offered to successful applicant 

Please write giving details of age, qualifica- 
tions and experience to 


Mr. J. G. Corer 

Room BJ/10 

Bristol Aerojet Limited 
Banwell, Weston-super-Mare 


WELDING—A Chief Site Welding Engineer 
is required for a nuclear power construction 
project. He must have (i) sound practical 
experience of heavy, site welded, steel fabrica- 
tions; (11) ability to establish and maintain 
the highest possible welding quality; and 
(ill) an energetic disposition, able to get on 
well with people and to organize efficiently 
An attractive salary will be paid to the right 
man 

All replies will be treated in strict confi 
dence by a welding consultant who is advising 
on this appointment, and should be in 
writing to Box No. 230 


WELDING—A Chief Welding Engineer is 
required by a large Company in Scotland 
engaged in heavy welded plate fabrication of 
the highest quality. He will head a Welding 
Department which advises on all aspects of 
welding for the main works and for sites 
throughout Britain. This Department is 
already staffed but is being greatly expanded 
and is now provided with new, fully equipped 
metallurgical and welding laboratories, with 
associated offices, and machining and testing 
facilities 

Candidates should have an Engineering 
Degree or Corporate Membership of a 
Senior Engineering Institution. Sound prac- 
tical experience of heavy plate work, par- 
ticularly of the effect of welding procedures 
and methods on quality and dimensional 
accuracy, is important. Wide knowledge and 
experience of the arc and inert-gas welding 
processes and of the problems of welding a 
wide range of materials is required. Organiz- 
ing and management ability will be taken 
fully into consideration 

Promotion opportunities exist beyond the 
position advertised. Assistance will be given 
with removal expenses 

All applications will be treated in strict 
confidence by a welding consultant who has 
been retained to advise on this appointment, 
and should be in writing to Box No. 23 


PROMINENT MANUFACTURER OF 
ELECTRIC ARC WELDING PLANT 
requires young ambitious ENGINEER for 
interesting work in his Sales Office, involving 
preparation of welding schemes, advice to 
Customers on ail types of welding applica- 
tions and quotations for the requisite plant 
Well trained welding engineers looking for 
further scope are invited to apply for inter- 
view. Write Box BJ 1011, LPE Romano 
House, 399/401 Strand, London W.C.2 


RESISTANCE WELDING ENGINEER 
REQUIRED. EXPERIENCED IN DESIGN 
AND APPLICATION OF SPOT, SEAM 
AND PROJECTION WELDERS. APPLY 
GIVING FULL PARTICULARS, INCI 
EXPERIENCE AND SALARY RE- 
QUIRED, TO THE TECHNICAL DIREC- 
TOR, SEIMENS-SCHUCKERT (GREAT 
BRITAIN) LIMITED, GREAT WEST 
ROAD, BRENTFORD, MIDDLESEX 


Situations Required 


Welding Supervisor, A.M.Inst.W., 43, seeks 
change from itinerant construction work 
(present position 10 years) 

General experience includes vehicle and 
casting repairs; inspection of all oil industry 
fabrications ; training and testing of operators ; 
teaching and demonstration work 

Position of responsibility sought by 
advertiser who wishes to settle in South of 
England. Other areas considered. Box 232 

















Somerset 


The cost of insertions in this column is 3s. 6d 
a line, or 30s. per inch depth semi-display 
Box numbers are added for the additional 
charge of 2s. 6d. Replies should ne addressed 
to Box. —, Institute of Welding, 54 Princes 
Gate, London, S.W.7 


All other matters relating to advertisements 
for this section of the News should be 
addressed to the Executive Editor, 6 Ridge 
End, Hook Hill Lane Woking, Surrey 
(Tel. Woking 2981) 


Copy should be sent by 6th of each month 
for publication in the following month 











The “All-rounder!”’ 


ls will do a multitude of jobs in the metal fabricating shop 

bevelling, cutting down and smoothing weld beads, slotting and 

ng and fin you can do it all quickly, cleanly, safely and 
h a Norton BD wheel. 

t id cleanly without spalling or loading the Norton BD wheel gets 

juickly. Because it s double reinforcement, provided by a 
ic and a tough safety 
the hub side, you can 


celarappaaerdenarc, Aye rea tes 4 NORTON BDA & BD 
work fast with safety. On top ofall this 
a Norton BD Reinforced Wheel lasts REINFORCED WHEELS FOR 


SO V that you get the maximum 


aR te AF SPEED, SAFETY AND 
1eacn wheel 

VERSATILITY 

very real ¢ 

operators 

advantage 

effort an 

your own f 

by speaking t I 
Alfred Herbert Represent 


or by writing direct to us 


NORTON GRINDING WHEEL CO. LTD. SOUT SOD eras 
WELWYN GARDEN CITY, HERTS. Telephone: WELWYN GARDEN 3484 (15 lines) 


Enquiries also to: ALFRED HERBERT LTD., COVENTRY 
NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


now/ so! 136 
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IGNITRONS 





AEI ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 





average? 
: Maximum Demand*| M@ximum average 
Types (kVA) anode current 


(Amps.) 


| Temperature 
control 





BK 22 450 15 
BK 24 1200 140 
BK 24A 1200 140 | Integral 
BK 24B 1200 140 | Clamp on 
BK 34 2400 355 
BK 34A 2400 355 Integral 
BK 34B 2400 355 | Clamp on 
BK 42 600 56 
BK 42A 600 56 Integral 

| 


BK 42B 600 56 Clamp on 
BK 66 300 22°4 - 











* Ratings are for welder control service and refer to two valves in 
inverse parallel at any voltage from 250-600v. r.m.s. 
Associated Electrical Industries. 


‘ Rectifier types 
manufacture the widest range ol yp 





Maximum average current 
at peak voltage 
(Amps.) 


, > United Kingdom — 
ignitrons in the United : Maximum peak voltage 


T 
ype (Kilo volts) 


moreover all AEI ignitrons are inter- 





geable with the corresponding 
changeable v I al | 


American types. Whatever the job, BK 46 150 
from the AEI lists you can select the BK 56 ¢ 150 











right valve ¢ Tentative ratings. 


uw rite for Leaflet 5851-8 





ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 





ELECTRONIC APPARATUS DIVISION 


A.5447 
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SCHOOL OF 
WELDIMG TECHMOLOGY 


announces 


THREE NEW COURSES 


ULTRASONIC OPERATORS’ COURSE A special two-week training course, for 


operators, in the techniques of ultrasonic 


4-15 JANUARY 1960 inspection. 


WELDING OF ATOMIC ENERGY PLANT A one-week course for engineers, designers, 


and metallurgists to provide the latest 


information about the problems met with 


8-12 FEBRUARY 1960 in this field. 


WELDING FOR JUNIOR MANAGEMENT A four-day course for those holding junior 
positions in management to explain the 
factors involved in the proper application 


22-25 FEBRUARY 1960 of welding. 


FULL DETAILS OF THESE AND OTHER COURSES TO BE HELD BETWEEN NOVEMBER 
1959 AND MARCH 1960 ARE GIVEN IN THE NEW PROSPECTUS 


THE SECRETARY 

THE INSTITUTE OF WELDING 
54 PRINCES GATE 

LONDON, S.W.7 


obtainable from 


AUGUST, 1959 








STAINLESS . 
TUBES & 


We offer in approved grades of Stainless Steel 


* FLANGES MACHINED TO B.S. TABLES 
OR TO SPECIAL SIZES 


* SOLID DRAWN TUBES—-FABRICATED PIPES 
* ROUND and HEXAGON BAR 


* PROFILES CUT TO ANY THICKNESS 
OR SIZE 


* CASTINGS TO CUSTOMERS’ SPECIFICATION 
Keen Prices—Prompt Delivery 


Send enquiries to Dept. B.W.J. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD 
Telephone: 1522/23 














Change of Address 


As from July Ist, the address of 
the advertisement department of 
THE BRITISH WELDING JOURNAL 


will be 


54 PRINCES GATE 
EXHIBITION ROAD 


LONDON SW7 


Telephone: KNightsbridge 8556/7 
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Solve your 
production problems 


with Philips AUTOMATIC CO, bare wire 


welding process is now available for 
Py I Li oc immediate delivery in Britain. 
With this machine you can speed up 


bare wire mass production of welded parts, 


for example main chassis members, 
> ° bottled gas cylinders, car wheels. 
CO2 welding machine And you can get welds protected from 
=—— nitrogen and hydrogen by an 
atmosphere of CO, — which costs 
on'y a fraction of the price of 
argon. The absence of coating reduces 


the absorption of hydrogen, too. 


Welds very wide range of steel grades. 
Needs no stocks of expensive powders. 
Cuts labour costs by welding faster, 
requiring little attention in repeat 
operations. 

Welds are homogeneous 

with deep and even penetration. 

Arc is self-regulating 

Nitrogen and hydrogen content low 
—no nitrogen porosity. 


Philips Automatic CO, 
welding machine 


provides automatic wire and CO, feeds 
Travelling carriage moves along rails 
at speed set by operator. Water-cooled 
nozzle independent of main water 
supplies. Single control lever engages 
wire feed, switches on carriage 

motor and are. 


Component parts and finish 

pagent mesa nerimabstyre 2 For further information about Philips 

The descr dynes tanto, iam CO, welding, and about Philips 
{utomatic welding machine (a product 


of N.V. Philips, Eindhoven) write to 


pups} PHILIPS ELECTRICAL LTD 


INDUSTRIAL EQUIPMENT DIVISION 
u Century House, Shaftesbury Avenue, London WC2. GERrard 7777 


——— 
nd 
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Inside back cover 





Always ask for Zz A 


2) Fam * 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
the famous range ot rods 

and fluxes. And a complete range 

f welding accessories— 

from goggles and gloves 

to friction lighters and wire brush: 

ALWAYS ASK FOR ALDA. 


Write for tully illustrated literatu: 


() BRITISH OXYGEN 


British Oxygen Gases Ltd., industria! Division, Spencer House, 27 St James's Piace, London, S.W.1. 


Jutside back cover 








